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ih9 eoortiixuktioo ChtjKLttrr ot altrogtn AM tulphor 
ooQtaiaiag llgaatft hai r«e«iitljr assuotd «r«at«r iiM^rt«ne« 
in vitw of th« faot that aavaral of thasa eo«p<Hin<ia hava 
baa& foiwd to ba biologically aodva aod hava tnuiid aaa in 
aadioina at wall aa in inctuatTy* Aha oaroinoa^atio activity 
of a nuiabar of thiosaisioarbasonaa contaiKixig nitrogan hataro-
oyoXaa hava baen atuciiad by l^anch and eovorkara* ^hna 
pyriciina*i6»carboxai(iahyca thioaaaticarbaaooo haa baea founo to 
ahov anticaocar activity in tha iyopoid latslcaaaia and 6-hyQroiy-
pyriaina»L«oarboxaX(Jiahycia thioaaaicarbasona vaa Invaatigatad 
tm a GBOit activa antilauJcaaaia agant aaong all tha tbioaaai* 
oarbaaioa carivativaa* & oenaiaarabla nuAbar of aatai co«pIaxaa 
of dithiooarbasic acid and ita darivativaa hava baan taatad for 
oaroinostatie activity* Soaa of ita coaplaxaa %fith palladiuai 
chroaiiw and coppar ahov antituiaour activity. .;ha pallaciUM and 
platinna eoaplaxaa of 6*Baroaptopurina ara known to caatroy aoaa 
adaaooaroinoaaa* Cartain «ataX coau;>iaxaa of thiasolaa and 
i«idasolatliioi in ace it ion to aeting aa fungieidaa and inaaetieidaa 
in aoaa eaaaa hava baan uaad aa antioxidant and haat raaiatant 
aatariala* Biaauthiol I ooi^lax of tributyl tin chlorida haa baan 
aaad aa aa*7Jroaaion inhibitor and In paintin||iihipa to pravant 
daaaga ttpm sarina organiaaa* 
•»8. 
Ihis projtot was i3nd«rt«k«Q in vl«v of th« Import«QO« 
of th« tuXphur and nltrogao cootainlnc ligaiida •• ahewn io 
atoova parafraphs, A natal coaplax aniat hava a raaaonahljr bigh 
th«rao<)ynaalG ttabilltjr in ordar to hava oaYOinoatatio activity* 
Xoforaatioa ragai^dinf tbaraoctyoaaiie ttabiXitiaa of auoh ooaplaxaa 
ia tharafora axpaetad to haip na in aoaa aaaaura ia our lucSar* 
ataadiof of tha oauaaa and traataant of aarioua diiaaaaa liica 
oaaoar* 
Xba iataraotioo of ttiS-aiaarcapto-lidt^-tbiatiiazola 
(Biaauthiol 1)$ U^tmxizimi^&zol^thlol and lj»aoataai<io»6-nitro* 
thiasoia with traiiaition aa wail aa innar tranaitioA aatal iona 
hava baaa attidiad in aquaoua athaooi aadia p£k«atricalljr« Iha 
atahilitr ooaataata aa wall aa ehanga ia. tr^e anargjr (•^F) for 
thata ooatpX«xaa hava ^fn datarsinad axid tha tharaodyisaaia 
atability eonatanta of rara-aarth eoaplaxat hava \i9*a plottad 
againat J^/T, It haa baan ohaarvaa that tha atabUity oooatanta 
ineraaaad roughly linaarlyi auggaating that tha aatal-ligaod 
boada hava aoaa ionic oharaetar* Tha liaita of •rror and 
atandard daviation hava baan alao oalculatad for thaaa coaplaxaa. 
iha proton ligano foraation oonatanta of bltauthiol X l«a» 
log B^ and 1^ hava alao baan datarainad at varloaa ionie 
atrangthf • Iha valuaa of ovarall proton ligand fomation conatanta 
log /^^for blaaathiol hava btan found in incraaalng ordar with tlM 
•3> 
d«er«»t« la th« eoneeatratlon* ^h« ii«tal ligacd atablllty 
comitaiitt of r«r« •arth ooapl«xta show onljr Itl eoaplaz formation. 
I'ha stability of thasa complaxas follows the ordari Od(lXZ)/^ 
i»r(III)<Hd(III)CD3r(III)^Sa(IIl). In tha casa of UOgdl) and 
Th(IV) oomplaxasf tha metal llgand fornatlon constants have 
been evaluated at three olffarent lonlo strengthsf The stability 
constants at sero ionic strength have been determined from the 
plot of log K versus (p)* and extrapolating it upto zero ionic 
strength. The thorium complex seems to be more stable than the 
uranyl complex* 
Stability constants of Ebenzimidasolethiol complexes with 
the transition as well as inner transition metal ions have been 
determined in aqueous ethanol media. The proton ligand formation 
constant log 1^^ has been determined at various ionic strengths. 
The log K^ values of the rare-earth complexes of £-benximidazole« 
thiol have been determined at 0«10M ionic strength. The thermo-
dynamic stability of these complexes follows the orders 
Sm(III)> (ki(ni)>T{ni)>Hd(III)>Pr(III)>EBr(III). fhe 
formation constants of the UOgCIi), Th(lV), VO(Il), Mn(II),cr(III) 
and 9e(III) complexes of k-bentimidasolethlol have been evaluated 
at various ionic strengths. Complexation in Itl and Iti:^  metal 
ligand ratio was observed in the case of un, (II) and Th(I?} whUe 
•4«i . 
a 111 coaplM fomatlon vat tuf^itad for Mn(II), vn(ii),cr(III) 
and Ft (III) oapXaxai* iha orciar of tha atabUlty of thaia 
c(»iplaxa« ia as follovat* 
ih(iv)>uo^(ii)>jF*(iii)>vo(ii)>cr(ni)>Mocn) 
Values of proton ligand stablXitjr oonstanta log K? of 
tha ligand and tha natal ligand stability constants of ^ ^.acata-
•ldo<-6*nltrothia2oXa cosplaxtis of 0!^g(XI) and ih(X?) hava baan 
datanalnad* Xha n valuas of thasa complmx9B hava been calcuXatad 
only ttpto B »i6.S and thasa valuas hava bean fotind to ba ^ 4 .0 at 
O.XOM lonie strangth and raach to ^  7.0 at tha ionlo strangths 
0.X6M ami O.OSM* Log K^t log B^» log I^ and log !^ hava tharafora 
baan obtainad for thasa coaplaxas at ^  » O.XOM. At tha lonio 
strangths of 0.16M and 0.05M| polyoarisatlon aust bf taking 
plaoa causing tha obsarvad Incraasa In tha n valuas* 
A study of tha Intaraotlon batvaan k*.acata]iido«6-nltro« 
thlaxolst k«a»lnothiasolai 2:-aalne.6-athoxybansothiasola and 
4*Mittayl-3-thlosaalGarbasida with rara-aarth aatal ions yf also 
unoartakan. It was obsarvad tiuit thasa Uganda do not for* any 
the 
ooaplaz vlth thasa rara-aarth aatal ions In solution. In/basa of 
ii-aainothiasola and i^*aalno«e-athoxybanxothlaxola coaplaxas vlth 
UOgClI) and Ih(IV) lonsi polyaarle species vf obsarvad. 
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CHAPTER ( 1 ) 
I N T R O D U C T I O N 
i 
Coordination co«poundt of txantltlen aittalt with nitrogon 
and aulphttr containing ligantts have boan oxtenaivaiy atudiad* 
aaoantly toiphiur and nitrogen donor Uganda hava aaaianad graatar 
iiRportanea dua to tha fact that soma auch coopounda hava fowid 
uia in madicina, biology and induatry* Of graatar aignificanea 
ia thair carcinoatatic (anticancer) and antiviral activity.Thua 
pyridine*2*carbo)caldahyda thioaei>icarbaBona(I)» haa been found 
to ahow anticancer activity in the lymphoid leukaemia I2l0 teat* 
However no neehanian of action haa been propoaed. French and 
coworkera^*^ have atudiad the carcinoatatie activity of a 
number of ^ioaemicarbasonea containing nitrogen heterocyclea 
and auggaated that theaa conpoundi» by the leaa of a proton freai 
their tauteaeric thiol foxoi, act aa tridentate chelating aganta, 
aequeataring aetal iana which are involved in the carcinoganeaia. 
The inv^lveiMnt of owtal iana in acne typea of cancer haa alae 
been diaauaaed by a nuMbar of author}! 
HM - c . » u 
I l| ^ 
HC » N 8 1 
HJC^HC • C » N S 
' I I II 
CjHjO HH - C - NHj 
II 
Kvthiwal bis (thiiMiwDiesxbazofit) (21) KTS hM Mzlct^ 
cascifiestatle <teti«if Th» eytotexieity of KTS is snhsncsd by 
o 
ths pMtsnes of soppsr and tins ient «nd i t hss bssn showi 
that ths coppsviZi) ehslats of KTS is involvsd in ths cytotoxic 
action of KTS* A crystal structuzs dstsziBinstion of ths 
coppsrtZX) conpisx ahosii that KTS bshavss as an SHNS qusdri* 
dsntats and that ths coordination about ths coppsr ion is s 
vary distortsd sc^rs . Ths two Cy{KTS) molsculss in ths tmit 
Gsll intsract oiagnstically* 
Zso<;Ninolins» l«»earbcQialdshyds thioasmicarbaaonst IIIA) 
has a broad ran^s of carcinoatatic activity and a low toxicity? 
Ths taost activs anti»lett)casiiiia rsagsnt^among all tho thio» 
sssiicarbazids dsrivativss invsatigatsd is 5»hydroxypyridins»2* 
carboxaIdshyds thioasnicasbasonsC1XXti)• 
CH •• N » lii • C 
ilZA ZIXB 
Aaengtt ths fsw antiviral drugs known as istin thisssidU 
carbaxsnss(XV) which prsbsbly acta by binding strongly to coppsr* 
th« JkMthyi d«xiv«Uv« (Hisbortn) i t • ip«eifie pMir«nti¥« 
• f •••lUpflft* Jt ^ n m%t4 «ff •» attMlc in pfttleatt •xpostd 
t« «n •pitfMide» whMi i t would b« toe Uto to vocdnato. AS 
tho iipophllioity of tho aolteuXo i« inexoMod 1^ « action 
•9ftii%tt variola and ton* othor oiM^eontaining vijrutot ia 
replaced by om aQtintt tha am>«eofitainin9 organioM aueh aa 
polio v i « » . 
IV 
(a) RaH, X"H « active agalnat variola virus 
(b) H«lie»X«Me» active agaiittt ectrcnelia virus 
(c) R«Me,X«6u> active against polioayelitis virus. 
The preparation of sone isetsl cesiplexes of dithiocarbatie 
acid H2N M C S ^ and their biolofieal applieatiena have been 
the aubjeet of C O M patents^*^ 
A cofitid«rabX« nuabtv of wmfi coapicx** of U9tfiii 
dorlvod froM dithioeorbosic acid hovo boon l i t tod fov eosoino* 
• tot ie oeUvity. Tho eon|»lox«t Pd(H2NN"CSSMo)2tCr(C^ H^ NCH •• 
r«iiloCSSMo)CX3 ond Ctt(C^ H N^CH»NK«CS$llo)Cl ohow onUtumouv 
Activity* 
Tho palladiun and pXatiniM eon^laxea of 6.nozeapto • 




Many cancaxa ara known to havo viruaoa aaaociatad with 
thaat and a faw caneata axa baliovad to ba actually eauaad by 
¥iniaaa« Conaaquantly an anti«eanear drug aay actually ba an 
t 16 
antiviral agant; Kiraahnor at al. hava obaorvad that tho 
protoln and nuclaie acid i>ortiana of viruaoa ara affactivo 
ehalating agonta and tho aiai of tho «otallothorapautic daaignar 
ia to altar tha virya by «atal ahalation ao that tho viral 
activity ia diminiahad* Ha haa pointad out that tha aiodorataly 
st«bl« Mtal eh»l«t«t ar* n«e««t«ry» tlnet tht mttal ion 
ttiitt not b« ao iMiakly bound at to bo froo onough to bo 
cooiploxotf by nomriral choUting agontt tueh •• amino aeida 
and onaynoa pyoaont In tho body aoeondly, tho cholating agont 
ahould bo ablo to bo diaplacod by tho vi^ua, and thirdly»tho 
iBOtal ion has to bo aoleotivo In vogard to bonign and 
malignant viruaoa* 
1% ia appaz>ont that tho thozi&odynanio atability of tho 
chclatoa is of loaa isiportanco than tho kinotic considoarations* 
Canoor growth ia dopondont on tho roproduotion of malignant 
oolla having a kinotic advantago ovor tho body*a dofonco 
laoohaniaaa* Thorofoxot tho »otal conpiox, to bo offoetive* 
7 
haa to bo aufficiontiy labilo to out paeo tho cancor groivth* 
From tho rooont a tody of tho antitumowr activity of aoaio 
noutral coaipXoxoa of tho typo Ft A^ X^ (A^Aninot X» halogon), 
it haa boon auggoatod that tho kinotic faetora aro of 
iaiportanco in dotomining tho offoctivo doao of tho awtal 
eaiBplaxf 
From tiM liidtad data availablo it aooma that tho 
following cxitoria aro of importanco in dotoxiaining whothor a 
notal eonplox will havo caxoinootatie aetivityi 
(i) Tho Mtal oholato ahould hava roaaonably high thoni»» 
dynamic atability. 
(ii) Th« M U l should b« 6l«t«(l») Mtal. in partieuUr 
palladiiM and platinua* 
(iii) Tha coBiplax ahould ba raatonably labiiai hanea Iridium 
complexes a*e tmlikaiy t« ba affactiva. 
Civ) Llganda with aolphiur donoza axa Xikaly to ba noat 
affactivat sinca thay uaually confar lipid aolubility 
on tha laatal eomplax and thay fozn atabla conplaxaa 
with olaaaCb) and bordarlina »atalt» 
Carkaifi natal canplaxaa of thiasolaa and iraidazolathiel 
in addition to acting as fungicidas and imecticidos in aona 
cases hava baan iisad as •ntiojcidants and heat rasistant 
oiatarials* ^ Bismuthiol 1 canplax of tributyl tin ehlorida 
has baan osad aa eorroaion inhibitor and in painting ahipa to 
pravant damaga frosi siavina organiasia?^ Xn a faw easaa thasa 
hataaracyelie eaafiouiida hava baan usad in identification and 
dataetion of aiatala?^*^^ On tha baaia of infra-rad spectral 
data 9 tha coordination bahaviaur and atructura of coaiplaxaa of 
thiasolaa and iaddasolathialaa with transition sMtal ions hava 
baan atudiad?^*^^ It haa baan aatablishad that tha bonding of 
tha ligand to tha Metal in thaaa ca«plaxea oacura through the 
nitrogen atsn. Xn imt caaas, however* thiasolaa hava alao 
been shown ta act aa bridging ligands?^^ As isddasolothiol 
and thiasola derivetivos have »ore than one donor aitas, they 
ps«ttnt th* pMsibillty of foztiatlofi of t*v»r«l InttarttUfiQ 
cMpotifidt* In vi«« of tho iMportanoo of tho tlilttolo group 
in liioiogicol tyotoM* xoeontly coaploxoo of thiosolo'** ond 
2»Bothylbontothi«solo'^ hovo boon otudlod • 
Tho ohoXating tondoneiot of oc «ntxe«ptoaootdiiidoo 
H.til.CCX;H2*3H CH«»ryi) havo boon oxaninod by uartif^^ 2t hat 
boon shoon that ehoUtoa of Zn(12) and Pb(Il) with aaino* 
bonxothiol (VI)» and 6»«076aptopurino(V) azo isoro otablo than 
tho corrotponding oxygon eholatoa? *^ ^ 2-Aainobonxothiol 
fozma low opin innov oonploxos with Co(ll) and Ni(2l)^*^^ and 
8«noreaptoquinolino(V2I) fonst strong eholatoa with data b 
Biota la 
VI VII 
Jonaon^^ fixat oboorvod tho fozMtion of two niekol 
ooa^loxoa of 2*aadnoothanothiol in aolution. Tho a u b i l i t y 
conatanta for tho ooaiploxoa with cobalt(II). niokoKlI), 
xinadi}* «ad«iiai(II) and load(II) havo boon dotoxidnod?^ 
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Jich« and Butch^*^ hav« nad* a datailad atudy of 
tht conpiaicaa of 2-aMinoathaittthiol» Two typot of conpltxta 
aro foznad with t;ran»ltion notaU* vls^ tho ncmonoric 
blLligand coaplaxat, M(H2NCH2CH2«5)2 (K«-Ni,Pd) and tha tri-
nucUar cationie cenpl«x««(VXXX)i tho atructuro (VZII) haa 
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Buseh at al?^^^ havo Invtatigatod tha S-alkylation of 
tho nickol and palladiun conploxaa of 2-aiiinoothanothiol* Tho 
nickol complox roactt with alkyl halidaa in diaothylfoxMOaido 
aolntiofi to 9lvo a caaiplox of tho S»alkylatod ligand. A typical 
xoaetion la 





a^AnifiOftthantthiol r««ets with oc •dikctomt to yi«ld • 
thi«toli<iinyl(Zx}« «• th« mmin product* although • snaU anount 
of ttutont^le Schlff l i«tt{x) i t al to foxnad* Xf tha zaacUon 
la carriad out in tha pmntnsi* of niekai iona* the niekai 
coaiplaic(KZ) ia feraad in high yiald* Xt hat been coficludted that 
tha »atal iona acta aa tanplata wfiieh favoujra tha f o z n a t i ^ 
or 3chiff baaaf^ 
HS S^ 
D' H2C CH2 u ' Ni I 
C-C C ' " " " " 
y ^ N H - C H 2 R - C - C - R R _ C - C - R HpC—NH 
IX XI 
2-(2»Mazeapteathyl)pyridifia()ClZ) foxna tha cootplaxaa 
M(H»S)2 (**"C®tNit:*d,Pt># Trinuclaar coi^laxaa M3{N.3)^ X^* 
ai i t i lar to thoaa obtaiiiad with a»aainoathaiiathiely •^f 
known* Howavar* thaaa tHnuclaar coaplaxaa can only ba 
iaolatad i f tha anion X i t of low coordinating powar* In tho 
pzaaanaa of halido iona, thiolo-bridgad nautral , binuelaar 




Mftthyl lodid* x«tcti with a sutptmion of bit(2»8i9in»-
b«nzentth&elo)nicktX(IZ)>(xXII) in aceton* to ylold tho six* 
coordlnata conplox i«hlch can alto ba praparad fran 2»8tathyU 
thloanillfia and nickal lodidaf Tha raactlon and intal^ > 
eonvai«len of (x i l l ) and i t s darivativas hava bean axtansivaly 
invaatigatad by Lindoy and Livingatona* 44 
•2CH3I 
XIII XXV 
OithiooKaaiida(xV; rubaanie acid) haa long b««n uaad for 
tha datactian and dataxnination of aany natalaf^^® »ith 
niekal(lZ) and cooparClI) i t foxna inaolubla ehalataat^ which 
ara polyaarie and probably poaaaaa tha atructurt(XVX)* Tha 
atrueturaa ^t thaaa ea»plaxaa and thoaa of N,N*-diaubatitutad 
thiooxanidaa hava baan diaauaaad by Hurd at al?^*'^ 
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HN SH HM S NH S NH 
XV XVI 
3-»«9reapto»l»5»di{>henylfoxe«i«n(dithison«)^ (XVIX) •Hdt) 
foxttt neutral coaipl«x«t with class ib) nstsls and ssvaral 
bordsrlins lastalsj^'^^ 
Dins thylaninosthan*thiol?^*^(XVn) and diathylaialnosthant. 
thi0l^ ^(XVlX2) have bean shown to foxn colouxad conplaxas with 
transition natal ions* 
"3^ XVII V 2 XVIIJ 
Thiosa«i6axbasida(tSeH} €*n axist in tautoMrie fons (XXX) and 
(xx)t and can act as a nautral or by loas of a proton as a chaxgad 
bidantato Ilgand. Matal cosiplaxas containing tha ligand in tho 
imchargad foxai havo boon laora axtansivaly invas tigs tad than thaao 
containing tho daprotonatod fozai of tha ligand. 
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XIX KX 
Th« conplAxet l i ( t tc )^ (M • Ni, Pd, Pt) haw boon 
obtained in ttto iomm which «Mr« •tsiased to be eia^^t^ant 
isoiiaart? *^^ A eryt ta l atructur* dat«xraiiiatioii thowad that 
tha rad fom of NiCtac)^ ^** • trana configuratioiC^ Hainaa 
atid Sun found ^ a t tha rad and gxay foxma of Ni<tac)2 ^®v* 
identical apaotjra and coneludad t!)at tha taro Coxsa ara 
different cryatal inodifieationa of the trana isooer* Tha 
cobalt conplex Co(tac)^ has been obtained in two foxna which 
ware aaaimed to be cia and trana iamaera. * 
Neutral coaiplexea of nickel!JI}» cepper(l l) and 
xincdX) with anthranilaldehyde thioaenicarbatona axe knowni 
the nickel coaplex ia paraiMgnatic and aix-coordinate« 
A nuiiber of thioaeniearbaxonea of al iphatic and aromatic 
aldehydea and ketonea have been atudied by Gingraa a t alf^ 
The copperil) conplexea of aone N»and S»aubatituted thioaeai* 
carbaxonea are polyaeric, the aeta l ion being bound through 
the nitrogen end aulphur of the thioaaaicarbazone aioiaty. 
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Th« th ios twlearbtzon* of b«nsoylfoxnic a c i d b«hav«s 
« • • B9fiob«ii€ »e ld und«v ae ld cond i t iont and a t a d i b a i i c 
ac id in a lkai i f ia «olutidfW Tht ixof i (XI) , col)alt (ZZ),niefeal(I2)> 
eadniuBi(ZZ) and U a d d l ) conpltxaa of tho d i b a s i c foxn hava 
baon xaportad?^ 
Tha fltruetttjra of tha C9jpp9t{ll) eompimt. of d i a o o t y i 
bi«(thios«niearbaKOfia) cont ia ta of two planar u n i t s «dth in 
ths u n i t c a l l r e l a t a d by ait invars ion centra* (XXI}* Tha 
a x i a l cti»S»distanca wi th in tha u n i t c e l l i a 3.102A^. Tha 
coordinat ion p o s i t i o n of the copper ion ia occupied by a 
sulphur atom froa a s io lecule in an adjacent u n i t c e l l . At 





11 ^ Cut 
XXI 
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Until Meently dithlocaxbasic aeld(XXZZ} and its 
tfirivativ«« had ba«n lata thoroughly invaatigatad than ethar 
dithiaacida such aa dlthie«arba«ataa(xxIZ)» xanthataa(xxZV) 
and dialkyldithiophoaphataaCxxv)?^'*' 
^^ S R ^ S ^ O R * CK ^ S 
XXIX XXIII XXIV XXV 
Jansan waa pr<ri)ably tho first to pzapara tha nickal 
conplax of dithiocaxbazic acid and ha conaidared tha ligand 
to ba coordinatad to the iMtal ion by tha thiolosulphux and 
tha ^•nitxogan atoaa* CoBq;»lax fomation by dithiocarbazic acid 
with platinu»(II) waa atudiad by Maahantaav and Chamyaav * 
vfha rapertad that tha platinuM coa4>laii axhibitad hydraio 
raactioa* dua to tha mvaxaibla Migration of a proton into tha 
caaiplax* Thay alao raportad tha iaolation of cia and trana 
foMa of Pt(H2r«*i ^ ^ ^ 2 * *^^W9>* "9 aupporting phyaieal 
•aaauraaanta mxn aada. Caabi and cowerkara^^ hava raportad tha 
caiiplaxaa of dithiocarbazic acid with rhodi«M(IlI),niekal(lI)» 
linc(II), ead«iua(IZ) and laaddl). Howavar, tha raportad 
coMpoaitiona of faw of thaaa coaplaxaa, a«g. Ni^iH^NTfCS^) 
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w«r« prftpavttf froa hydxAiiniun dlthioc«rb«iatt. Th«ir infra 
rtd sp«ctx« aitplay (M»S) within the rangt 3&0^ 3I75 CKT 
Th« fd fiickol eoapltii i t diamfnetie;^ Tht electronic 
speetrun of tht chroaiuai oooiplex i* tignificantiy different 
froei the spectra of chroBiuiB(ni) coM9>lexea of disuXphur 
chelatea eueh as dithiocarfoanates and Xanthatea* 
In the pretence of certain netal iona such as nickeKll}* 
paliaditttt(n) and copperdi}, l,3»4.thiadia2oUdine»2ythionea 
(xxVXt a*"H, »et I?»>C''C^H^H, Met a^«H, Me) undergo rearrangement 
to yield neutral chelatea (XXVII) of the tautonerie Schiff 
basei 


















Thlour** acts at a unidantat* Ilgand foxtoing ttjtoiig 
eoMPlaxaa with elatt h natal iont, in paxtieula? Cu(I),A9(I)» 
Au(X) and KgCXX). Thiouraa radueaa Cut 11) to Cu(X), Au(XXX) 
to Au(l)» Pt(XV) to Pt(XX) and forms compL«xaa with matala 
In lowa« oxidation atatas* Infra«»od studios hava shown that 
thiouraa coordinataa through sulphur not only with class b 
motals'''^  but also with Sn(XV)Ppb{IX)^* and Ta(IX)7^ Howavar, 
thasa studios indieata that tho ligand is coordinatad through 
nitrogan in Ti(tu)2ClJ® (tu • thiouraa), Tha coaipound 
Ni(tu)2(NCS)2 ia oetahadral and has a polymarie stxuctura in 
which tha sulphur ato» of aach thiouraa tnolecula is bound to 
two nickal atom. Tha conplax Cd(tu)2Cl2 is tatrahadral but 
Pb(tu)2Cl2 has a polyisarie structura in which tha laad atom ia 
savan coordinata. Complaxas of N^N'^^aubstitutad thiouraas(xxVXXX) 
(Rwalkyl or aryl or H atom) hava betn axtensivaly studiad. 
Ethylana thiouraa (otui XXIX) raacts with Cu(I) and Ag(X) 
giving complaxaa which contain upto four aolaculas of ligand. 
Howavar, ita Au(X) cooftlsxas ara foxmad having only ona or two 
ligand .aloeuls.?^ Co.i«»laxa. of othylana thiouraa with Fs(XX). 
Co(XX) and Ni(IX) hava also basn Invaatigatad?^'^^ Tho Cu(X) 
and Ag(X) comploxas with othor substitutad thiouraas ara known, 




















}}»N'•Diethylthl<}iix«» tod tt»N*-dlph«nylthiouxea b«h«v« as 
bidontat* chelating agontSt boing bonded through bd^ tha 
nitrogan atoaa in tha conplexaa 2TiCl^ *L (t • substitutad 
thiouraa); S>acetylthimjx«a (3»atu} foxms only a i t l complax 
Cu(G.atii)Cl with C U C D P 
Conplaxaa of natitral and daprotonatad guanylthiouiaa* 
(XXK) have bean ..ported?* The cxryatal atructuxe of dithio-
oxaaidatxxxx) have hmn recently The Uganda 
fox« Inaoluble eoaplaxea which are pr^ably polymeric In 
nature?**®^ 
^ 1 1 II ^ 
S N C 
XXX ^ 
(XXXI) 
8*lltthylthlo<|iiinolliMi(xxxn» R»H| N»SMt) form eoi^>ltx«t with 
eUst (b) Mttal iont* Nlcktl giv^t only high tpin six 
coordifiatt complm of th« typ« HiX2(M*^«}2 (x«Cl,Bv,I,tCS). 
Att«npt to pxttparo • golddiX) coaplox lod to &»(ioaothyUtiOfi 
of tht li9«nd^^ and tho isoUtion of AUCI^CN^S). S.Dt»othyUUoii 
of tho p«lUdittRi(IX) and platimn ill) compl9*99 can bt tffaotod 
by tht haating of tha conpUxaa in di»ethylfoxiiaiiiida. 89 
XXXII XXXIII 
2»MethyU3«>aathylthio<iuinolina (xxxll, R«Ma) ia a poor chalating 
agant than d^sathylthioquinolina. I t doea not rtadily fox» 
eoMplaxaa with niokoKlI) and eabaltdl) . Ita gold(l l l ) and 
palladiundl) eonplaxaa do not undar^go <»daalkylation« Kowovar* 
caMplaxaa of cobalt(II) and niekal(ll) G*n ba iaolatad f*«« 
2»2*«di*BMthoxypsopana aolution. a.MathylthioaniIina(XXXIIIs 
N»SMa) foxaa high apin coaiplaxaa with nickal of tha typo 
NiX2(M»SMa)2* Tho coppar canplaxaa CiiX2(N»SMa) (X"Cl»Br} can bo 
obtainod fra« alcohol aolutlon at O^ c but ara not vary atablo. 
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Fbxaatlofi eofittantf htv* bt«fi d«t«nilfMid for e^mpUxm 
9f nlcktl(II) and 60pp*r(ZI) with iwthyUS*tailfio«thyUulphi4» 
(CH^ H^^ CH^ NHj)' **^ cobsltdZ) and nlekaKlZ) with bia(2-anino-
•thyl) aulphida* (S(CH2Ca2HH2))2» *^^ ^ cok>«lt(ll},Nicktl(lX} 
and coi^ariZl) with i,8.diaiaini^3,6.dithiiKoetant(K2l€H2C}^SC»^. 
CH2SCK2CH2lii2)* ^t* *^ ^ ^« eaaaa tha sulf^ur nitxt>«tn Uganda 
gava nueh l«aa atabla ceiN l^axaa than tha analogoua polyaninaa 
containing no aulphur; litotal eo«plaxaa of 2»aathyJU2<»aadn9» 
othyUulphida (N-SMa) with 3d aiatal iona hava baan iaoUUd, 
v i i , «t(H»SMa)j2^(M«Co» Ni , Cu, Zn% X>Cl, Br,X» NQ .^lg SO^), 
Ni(H.SIia)^ (X»I» Ciq|) and Cu(»^ SMa)^ Cl2« In tha eoaplaxaa 
Co(t».9<a)2Ci2» 2niHmm9)2Ci2 •nd Ctt(M-Slia}^ Cl2 tha Ugand ia 
91 bound through nitrogan only;* 
Moat of tha iiiportant biological syateaa a«g«t vitMiina, 
anxynasand nuelaie aeida ara attachad to aoeia natal iona and 
aaaaa to ba eonnaetad with canear production. It haa baan 
poatulatad that awtala which ara known to ba carcinoganic ara 
carriad to tha noxauil call by tha phanoeianon of ehalation with 
carcinoganic organic caaipounda which poaaaaa chelating atructuroa 
initially or aftar Matabolic altarationa. Thaaa cationa way 
raplaca tha aaaantial aatal ian fttm tha noiaial anxyaw ayataai 
or nuclaic acid having aiaiilar alactronie configuratLana* 
Soaatiawa thaaa aaaantial awtal iona of ona ayataai in axcaaa 
o 0 
nay «lto x«pl«e* tht •st«ntlal ««t«l iont of th« othtr 
tytttm likt th« abnonial attalt. Th« biological ayttoM 
nay alao eoitbino with nataUchtUta raplacing eoordinatad 
watar moloeult f xoa tha ehalata^ Thua abnomal natal iona 
and natal chalataa nay changa tha node of action of tha 
noxnal anxyna ayatana or altar tho atructura and function 
of ganatic natariala by acting with nuolaic acida, raaulting 
in tha foznati^n of oaw aaaoeiation protain (aynthaaia of 
polynaric nuclaic acid) which can not bo controllad by tha 
normal anxyna ayatana* Tha antieaneor drug nay daaetivata 
tha carcinoganaaia by binding tha nomal (carcinogenic} 
natal itaalf or binding tha abnomal nucleic aeida via 
transition natal iona*^*^** 
In connection with tha atudiea on the chelation reaction 
of carcinogenic and anticancer conpounda, the netal chelates 
of folic acid?^ riboflavina?® adanine^^ and thiogpanine^®*^ 
have been reported* Most of the cenpounda that cause or 
those are uaed in cancer therapy are chelating aganta* 
In view of the foregoing diaeusaion, it waa considered 
worthwhile to atudy the interaction of a few inpertant nitrogen 
and aulphur containing Uganda like 2»5->dinarcapte>l,3,4« 
thiadiatole (Bianuthiol I), 2»benxinidasolethiol and 
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2*«c«taMido»Vfiitirothi«toU with ton^ trantitlon — mil «• 
im«y traniltiofi mtal iont «nd to ifiv«tti9«t« th* modt and 
»it« of cooxdination* purth«r;;no»^lt «•• consld«r«d to study 
tho th*z»odyn«nie stability of th« eonplaxot in solution and 
vaxioua factors which art rssponsiblt fox thsir stabilitios. 
This liras dons with a visw that it could aid significantly 
in our undsrstanding ths nature of such cosplsxss and ultisAtaly 
indixsctly hslp in sons lasaauro in finding the treataent of 
soise types of cancers at the physiologically active pH in vivo. 
Ths infomstion so obtained may also be helpful in the field 
of discovering effectivo cure of owtal poisoning inside the 
human body* Stability constants and change in free energy 
(^P^) has been found out and relative stabilities of thsso 
complexes have been determined. 
CHAPTER ( I I ) 
.S?^ , P PR ;,M fS NT A l , 
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Stvtfftl physieo-ehtnlettl istthoat •tm avAlUblt i9t th« 
study of th« eooardirtatiofi c«8pi«x«t in tolution* Tht t»chni<|u* 
which is ttost cQisiBonly used for tht d«t«znination of staMlity 
and composition of ccsqpounds dosczibsd in tho pxtsont work is 
potentionotry. 
For this puzposo an aLICO {.Z«iO i^vsistsr in esMbinstion 
tarlth glass and calofael olactroda has baan anpioyad* tfhila 
ififonaation about thia tachniqua ia found in most modarn taxt> 
booka and in aaveral booka axoluaivaly on thasa subjactt a 
briaf daseription of thia nathod aaasa appropriata* 
Ihf gffnfftPtJiif PH** T*»« hydrogan ion plays particularly an 
iii^ortant rola in nany procaaaaa and chandcal, biological and 
industrial raaetions. For axai^sla, axttamaly Minuta ehangaa in 
tha concantration of hydrogan iona nay dataxstina whathar a 
•latal idll diasolvst or whathar a aatallic aalt or a protain 
will pracipitata, Tha datanination and control of tha 
concantration of hydrogan ion* ia tharafora of graatast 
iaportanea in eha«iatry. Tha rang* of concantratian of 
hydrogan which s»y ba ancountarad is vary gzaat, axtanding 
fraa, a IN aolution down to pura watar in which H'*'^ ^ KT'^ N* 
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•• f«r b«y«ndi into alkalinft solutions* Thus* in • IN NaOH 
solution* [oT] • It «nd since tht lonie produet of wst«r«Ql^] 
Torf!! • 10*^* is a«intaint<l,[H*J^iO*^N. 
Soxonstn {X909) intzoduced ths eonvsniont pH^ncslo of 
hydxoQon ion concsntrstion* and defined as *the negative 
logarithm of hydco^n ion coneentxation^. 
Thus pH « • log [H'*'] • log , ., 
TVie pH is usually a positive misiber ranging froa about 
O(for a IM acid) through 7 (for a neutral solution) to about 
14 (for IM alkali),^®^ 
EHlffitfi^ ^ M^^iU^mf ft M - The determination of pH is 
based ultinately on &F..F. neasureflients with hydrogen electrodes* 
and the values obtained are» theoretieally, an indication of 
the hydrogen ion activity rather than that of the concentration. 
In recent years the pK is defined by 
pH « • log aj^*, ^^^^ ( ! ) 
This defination* however* involves the activity of a single 
ionie species and so can have no strict themodynaaic 
significancet therefore no SMthod is available for the precise 
detexvinatioo of pH in this sMnner. It is desirable* nevertheless 
to establish if possible* an azbitrary pH scale that shall be 
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xvatonably ^onnUUnt with e*xt«l» th«xttedyiiaale cm«ntiU*s, 
sueh at 4iM6«ifttio(i constants* wihich sr* knoMi txaetlyt 
within ths lisdU of sxpsrUisntsl sxroxw Tht vsluts obtainsd 
with ths sitl of this seals will not» of eouzss, bs actual 
pH*s» sines such (luantitiss can not bs dstsxttlnsd* but thsy 
will at least bs data which if inssrtsd in squstions involving 
pH, i«s« "leg •^^ { will givs fssults consistsnt with those 
dstsminsd by strict thsraiodynaaiie wsthod not involving 
individual ion aetivitiss* 
Ths E.K*F* of a csU frss from li<|uid Junction potsntial, 
consistif^ of a hydrogsn slsctrods and rsfsrsncs slsctrods* 
should bs givsn by 
or introducing ths dsfinition of pH sccording to squatien(l) 
E • B^f^ 4 2,303 1^ PH 
«Aisxs grsf. is ths potsntial of ths rsfsrsncs slsctrods on 
ths hydrogsn seals. It follows, thsrsfors, that 
^ 2.303 RT *2; 
If ths ususl'valus for Irsf. of ths rsfsrsncs slsctrods is 
suploysd in this s^stion to dsrivs pH*s, ths rssulU ars found 
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to tm ineenslttent with oth«y €i«t«ziilfi«tloni that •«• th»zno-
dynaiii«ftlly «x«et» A poMibl* my out of this difficulty i t 
to bo found* A valuo for Ezof* tueh that i ts uao in o9iiatlon(2} 
9ivt8 pa valuta which axt eontlattnt with known thtznodynaaie 
diasocittion eonatanta* 
PH • f«C^  • I09 5J1 • A J~^ * C ft —— (3) 
Thia aquation on eofl^ining with t(|uation 2 givta 
f!§5§^l^ " * **^ a * ^^ a?i * ^ «/p • C ;i • 
S,2«,„|9.afg (pK^4 loy|^§ - A/JB ) • Eitf.* 2 * ^ ^ 1 C jtt — (4) 
A atrita of nixtuzt, at difftrtnt total eonctntrationa» of an 
aeidt whoaa diaaociation conatant la known txaetly 9»9*« fron 
obatrvationa on etlla without liquid Junction^ and itt aalt 
azo flMdt up* thua giving a atritt of valuta for B and a^B* 
Tht B*M«F. of tht etlla eonaiatlng of a hydrogtn tltctrodt in 
thia aolutitn eaadiintd with a rtftrtnet tltctrodt art ataaurtdi 
a aaturattd aolutitn of NCI la uaad aa a aalt bridgt bttwttn 
tht txpariswntal atlution and tht ont containad in tht 
rtftrtnet tltctrodt* Tht B valuta Obtained In thia aMnnar* 
ttgtthtr with B and a»B, calculated frta tht known ctaptaitien 
of the acid aalt aixture and the |»K« of tht acid, ptrait tht 
Itft hand aide equatitn (4) to bt tvtluattd ftr a nuaber tf 
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•olutioiisof diff«rtiit ionic •tx«n9ths* Tht rMults plottttf 
•gainst th« ioni« ttrtngtht thoulcl fall on a atjraight Un9> 
tha intaxcapt for lazo ionie atirangth giving tha raquirad 
9iantity exaf« In oxdair for thia rasult to thava any 
signifioanea i t ahould ba approxinataly constant for a mmbar 
of aoltttions eovaring a x»ng» of pH valuas and involving 
diffavtnt acidsI this has in fact been found to ba tha cast 
of in tha pH rar^a of 4 to 9» and hanca a pK scala consistent 
»ith known pK^  valuas for a nunbar of acids is possible. 
CalcmaUElactrodyt»> This alactroda is ganarally tisad as 
rafaranca alactroda in tha &^F» datamination. Zt consists 
of narciiry» solid awrcurous chlorida and a solution of potassius 
chloride* Thia wMy ba raprasantad as 
Hgs Hg^Cl^ta).]Cl(solution) 
If a currant (conventional) flows fros the left toi^rds 
the right* then the aercury behave as anode and send Hgj'^ i^em 
into solttUen which unite with cl* ions (furnished by ml) to 
fer« unionised Mircureus chloride. The result is the re»oval 
•f chloride ions. On the other hsnd, if the current flows frssi 
right* towarda the left* then SNircury behaving as cathode attracts 
H9^ ^ ions furnished by slight solubility of Hg^ Cl^  towarda itself. 
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Th«r«feM, M O M and nor* Hg|^ loat p««««t into tho •olution* 
Tho ntult It that ehlozido iwis patttt Into tho solution* 
Tht oloetrodOt thoroforo* i« xovorsiblo with zotpoct to 
chlorido iofi (anion)* Tht •(milib^iuii xoaction it rtpztttnttd 
att 
Various typts of vosstis hay* bten dttcribtd for tht purpost 
of sotting of calontl tltotrodtt* Tht objtct of tht special 
dtsignt it gtntrally to prtyont diffusion of txtrantous 
elactrolyttt into tht potass iun chloridt tolution* In ordtr to 
obttin rtprodueiblt rtsultt tht mtrcury and fsureurous chloridt 
should bt purt, ttpteially tht latttr should bt frtt fron 
ntrourie eoMPoundt and froa bromidts and mist not bt too fintly 
dividtd. A ssiall quantity of atzeury it plaotd at tht botton 
of tht vtsstlt it it th«n covtrtd with a pattt of purt sitreurout 
tMLoridt, Mtrtury and MCl tolution* Tht vttttl is thtn 
ctapltttly fillad with tht appropriatt solution of ia;l which has 
bttn saturattd with ealo«tU glactrieal conntction it madt by 
Mtans of platimMs wirt ttal«d into a glass tubs, or through tht 
wall of tht vttttl. Thrtt difftrtnt eonctntraUont of ml havt 
bttn tapltytd, via*» 0. IM, 4* ON and a saturattd toluUon* iy 
aaking ust of tht ttandartf ptttntial af Ag,AgCl(t)cr tUetrtdt, 
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foll«Mrifi9 Mtultt havs b«tn ol>t«ifi«4 fox th« pottntial on • 
hydrogon oealo of ih« thxoo caleaol •Itetrodot at tt«poroturt 
in tho vioinity of 25^C, 
Hg, HgjCljjCa), 0»1H WCl - 0,3338 • 0.00007 it .25) 
H9> Mg^lj^t)* 1.0N KCl » 0.2800 4- 0,00024 {U^) 
H9, H92Cl2(»)* sattiiNitod KCl-0,24i5 * 0.0C076(t»25) 
Tht Qlaat oltctrQdf «• Quo of th» oost inportant advaneot 
of racent yeaxt in connaction with tha detanaination of pH*a 
i s tha dervalopi^nt ^ i c h haa takan placa in the use of tha 
{jjlass electrode. I t haa long been knovvn that a potential 
difference ia set tip at the interface batt«een ^laaa and a 
solution in contact with i t «^ich ia dependent on the pH of 
the latter* Thia dependence haa been found to corraapond to 
the faMiliar equation for a reveraible hydrogen eleetrade»vis*, 
B • BJ • - ^ In a^+ 
i^ra E Q ia the *atandard potential* for tha particular glaaa 
aaployed, i«e« the potential when in contact with a aolution 
of hydrogen iona at unit activity. It ia evident, therefore, 
that Masureawnt of the potential of the ao called •glaaa 
electrade* can be utiliaed for the detexaination of pH valuaa. 
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FIG. I GLASS ELECTRODE FIG.II CALOMELELECTRODE 
so 
Xfi i ts tlMplMt font th« glatt •ltt6t:rod# contittt of 
of • \\A9 t«zi8iiiatin9 intd « thin iitll«4 bulb, •• thown in 
Fl^I . Th« 9l«i« nest suittbU for th« puxpMttcomlfig Q.lft) 
contalfii about 729^  SlO *^ 22^ m^O and ft% C*a It hat a 
ralativaly low nalting point and a high olectrical conductivity* 
Tha bulb containa a solution of constant hydrogen ion concaiv-
tration and a oloetrodo of definite potential! a silvor 
chloride electrode in 0.IH hydrochloric acid or a platinu« 
wire inserted in a buffer solution e»g* O^ C^ M potasaiwa 
hydrogen phthalate, eaturated with <|uif^ydrone, ia generally 
uaed. The bulb ia inserted in the experinental solution(B) 
80 that the glaaa electrode consista of the ayeteiB. 
Ag AgCl<a} O.lNHCl glass experimental solution 
If silvezk»sil«er chloride is the inner electrode of constant 
potential. The potential of the glaaa electrode ia then 
SMasured by eosriiining i t with a suitable reference electrode* 
such as the calcsMl electrode (Pig^XZ)* the inner electrode 
of the glaaa electrode aystea aerving to sMlce electrical 
connection. 
• « • * 
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iim PH BtifUffl gigYii laWAxfil ^H^ntf* 
Calvlfi «nd Wilton h«v« shown that pa M««sur«iiHints M d t during 
titration with alkali, of a solution of a chslating agtnt* 
in tht pxasanea and in tha abttnea of natal ions* eould ba 
usad to ealeulata tha fraa ligand axpenant* pL» tha dagraa 
of tha foxwation of tha systaa. n* and hanca tha atability 
constantst K^* of tha nataUligand eoaQ>laxaa prasant^^ 
Owing to tht variaty of tha synk^ls aaployod, tha 
aquivalanca of tha diffarant aquations relating % and pL with 
exparioantally datandnabla quantitias is not ifBrnadiataly 
obvious. Tha following trtataiant is siBU»ler» shortar and 
<»iita ganarally applicabla* 
Chargas baing aadttad for tha aaka of clarity, tha 
stoichioaatria atability oonatant of tha aatal ligand 
taaiplax, ML^, ia dafinad by 
and that of tha Ugand^proton ooaiplaK, LHj, ia dafinad by 
Tha avarall atability eonstants art raspaetivaly dafinad aa 
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and, 
C M I ^ CuH CuH Cu CuH 
L«t th« total eoneantiratlmi of ligand. attal and dittoelabla 
hydro9«fi in tha systan l>a T|^ t 7^ and T^ raspeetlvaly. Than 
for tha d9gm^ of tha fozmtlon of eatal ligan) eoai^ laxat 
ft • total concantyation of lioand bound to mtal 
total coneantratlon of naial 
» T|.(concantration of ligand not bound to iBatal)A||***(l 
Similarly, for ligand proton eoaplaxaa, 
H « *<>^ «f concantgatioi^ of proton bound to awta^ 
A total eoncantration of ligand not bound to »atal 
whanca, froii (I) 
But 
V (T„* [H] ) / \ ] A H . • • . <3) 
Finally, Tj^  •% T,^  » eoncantration of ligand not bound to Mtal 
• [t] g ^fj [H] ^ (wharo ^ ^. I) 
and 
pL-l.,[g«=;^[H)V<V»T„)J •••• (5) 
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Corwidtr now th« valu« of r^ in gonoril €•#•• If to • 
eonctntratioft of elmir*! ftoid i» it ada^d «tifflei«iit ligand 
carrying distociabla hydrogan in tha f o n Hyt to giva a total 
ligand concantration T|^ » then total initial eoncantration of 
diasociabla proton sAll ba e + JT^* Thua for Uganda such aa 
anmonia or atbylenadiaiamina* 7 "Of for glycina, oxina»acatyl» 
ocatona or aalicylaldahyda, Y "l* for oxalic acid» or tha 
diaodiuni salt of athylanadianmina tatraacetic acid, 7«2, 
Addition of alkali aa aodius hydroxida, to give a aodiuM ion 
eoncantration, Na (in axcaaa of any dua to nautral aalt 
initially prasant), will raduca tha total acidity to a valita* 
T^ • E • yT^- Ha • [CH] .... (6) 
whara tha la$t taz«» uaually nagligibla in pooipariaon «dth 
tha othart, appaara on account of hydrolyaia. 
Calculation of 1i^ , % and pL frw aquationsiS), (3) and 
(ft) raquiraa an aeoirata knowladga of [ H ] , and two difficultiaa 
nay ariaa* (i) If data •x^ takan fron a aingla pK titration 
curva far ndnaral acid and ligand, with or without BMtal 
praaant, than in tha wfw acidic aolutions whara Na and [GH] 
ara nagligibla and whara M^\$ wa hava K <-^  E. Tha calculatad 
valua of T ^ [H] will than ba vary aanaitiva to anall arrara 
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FIG. I TYPICAL TITRATION CURVE 
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difficulty (FI9.I). curvt 1, ihemt th» titxation curvt for 
{Binexal acid aldnd, and cuxv 2 thou* that for • atixturt of 
raintral acid and ligand. Points on curva 1 ara givan by 
[ H J » E» • [OH]* - Na* (7) 
add from eciuation {2), pointa on curve 2 are given by 
[H]" . E" • [OH]V Na- • y V . V V (8) 
whan pH natar »radinga are identical for both solutions 
(ordinate B) fH]'« [ H ] " and [0H]*« [OH] end if, further, the 
solutions have the sane ionic strength, [K] • [H] , and 
[C3H]' • [OH]". If follows that 
n^ ' • h n»^B*) • (Na--Na» )• y T^ j A J ..... W 
Suppose the initial volune, V^» the mineral acid concentrations, 
E°, and the total ligand coneentrationa, T£, were the sane in 
each titration and that volumea v*,v* of alkali, eoneentration 
N, were added to reach pointa Na*, Na« then E « M ^ E V ( V ® * V » ) , 
Na» • v*H/i\f^*yf^) and T^- V^Tj^VCV*** v"). Siniplar e<|uation 
obtained for E* and Na<* Then from (9), 
"A • [y Tg. <'';;;ri i V ^°' ]^h'' < °^' 
if, M^E" .nd V ^ V , ttiM 
»^ . Jyr^ o* I v y " JA;» (10.) 
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Vtlu«» of fk^ may thus b» r«ftdlly obUin«d fran (10) •nd (lOa). 
Although thoy azo oalcul«t«il fron and eorrtspond to a paztti* 
culaz pH»««tar jraadingt rathar than to known hydrogen ion 
coneantratlont ox activitlas, such valuea of B^ nay ba usad 
directly for calculating valuaa of ii for aataUcoiaplox 
formation* 
(ii) A aacond difficulty which arleea i« th® calculation of 
vdluaa of the ligand proton atability constanta, Kj from 
equation (4). To obtain S such constants, at least j widely 
separated values of n. roust be known but in every case the 
corresponding value of [H] is required. K<m in aqueous solutions 
vte assume -logioCHj • P^H • B» the reading of the pH meter* 
since its readings have been correlated with knovvn p"H values 
of buffer solutions used in "standardising* the instrument* 
Van Uitert and Haas have recently shown that the more general 
relation 
- iogj^ ol^ l] « B • log f 4- log U^o .,•*• (11) 
bettwaen hydrogen ion concentration and pH meter readinga* B« is 
equally valid for water and for watexwdiexane mixtures* Its usa 
can be extended upto pure ethanol^ Here f ia the activity 
caeffieienta of hydrogen iona in the solvent mixture under 
consideration at the aame temperature and ionic atrength, and 
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U^o corrttpondt to th* €Orr«etiofi t « m at fxo Ionic strongth. 
For wator, U„o « 1 and at unit acUvlty coafflclant [H"*"]* 1/ 
antilog B. If than valuaa of i/antlXog B • [H] f* li^ o (in tha 
ganaral caaa) axa aubatitutad in aquation (4) in placa of laaa 
aaaily dataminabla valuaa of [H ] « thaxa id.ll xasult valuaa 
for tha proton*ligand atability constanta vihich will be tarsad 
practical conatante, danotad by^i^* Thaaa ara ralatad to 
daaired atoichlooiatric conatanta by tha axpraaaion 
IC* * • 'tj "* »«••» Illa) 
furthar ^Pj • (' »^H^ '^^  ••-* (ii*>) 
log f U ^ nay ba obtainad aa the intazcapt of tha linaar 
plot of p H againat Bt uaing tolutiona of known hydrogan ion 
coneantration* and uaad to convart practical conatanta into 
atoiehioaiatric conatanta« Fig* i, curva 3t ahowa a typical 
titration curva for a aixtura of ainaral acid, ligand and awtal 
iona* For any pointa on tha curva, 
[Hj • E • yT^ • [CHJ • Ha • n^ Tj^  • n^ n Tn ••. (12) 
if pH iMtar raading, B and tha ionie atrangth of tha aolution 
ara tha aaiM aa thoaa givan by aquation (S) for a point or a 
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cu»v« 2 (i .«. th» taiM oxdinttt* B) thtn [M]*» [H] I [CH]* m 
if tht initial voluaes v^ and concentration of acid, ^ and 
of ligand TP wart tha saiMi in aaeh solution and volumas v" and 
v" of alkali of e«ncantration N war* addad to raach tha points 
Ha* and Na"*, than froai (13) 
n"*. (VVV) [pl+E« • r^iy^U) yiv^^v ) B^'T^ . . . . (14) 
NOW if Nj>B** and v**^ v" than 
B"* • (v"lv) HA^ B^'ty . . . . <14a) 
Valuaa of B^ appropriata to aach pH»«atar raading B» hava bean 
obtainad fron aquation (iO}» so that B can ba calculatad diraetly 
fro« tha pH*n)eftsr raadings without any axact knowladga of tha 
corratpanding hydxogaiwien eoncantrationa or activitiaa. 
Tha calculation of j ^ froai aquation (5) would again appaar 
to ra^ira a knowladga of H • but by a simpla tranafonaation 
PL . log^Q 
r j^* C»H 
*^ JlX^i H f U,o)^ A,*B T„ J-0 (f a*) ^ L H^ j - 0 ( f i\ya) 
'•«iof^;;i >" <aStiKiTl 5V(V^ V j .... (5a) 
J-0 
Htnc* •qMStion (&) rMiftint of t»a« foz» provided that (i) 
valu« l/antilog B aro again usad in placa of [ H ] and (iii 
th. px«tlc.l o v r a U .ttbllUy con.t.nt. (pj) pr.vl«.lv 
obtainad for th« ligand proton conplexea ar« usad in placa 




llft>>gilff ffix <^<fnmUm ^m^nflM ^X^UUty Q^mMn^. 
ExpcriiwnUl aiethodt fox- tht determination of ttabiUty 
constant*• developed by Leden* BJerxun end Px^onteue* have been 
diecuiaed by Sullivan and Hindman'^^ who point out that aete 
of equation of the type {l\ 
** " ^ ^ (R-n) Bn [tf -0 ..,.. (i) 
n « 0 ^ r «- J 
can be solved for unique* non trivial values of Kj^»^ and K,. 
if the detexminant 
f 0 
This expreases the condition that H inheeiogeneous equations 
Of typed) are needed for evaluation of N stability constants 
in systea where the highest consplex has the fomula WL^ In the 
preaent ease the best set of stability constants fxon experi* 
Metal values of 1^  and [L]^ and will be restricted to the systeis 
for which N«i2 and the equation 
2 
* • (ll -1) Kj^ [t] • (^ -2) K^Kj [L] - 0 (2) 
is applicable* 
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Th« pr«t«nt obJ«ct i t to eonput« btst t tabl l l ty comUnU 
r«th«» than to discus* th* slgfilfleanco of vtluss so obtained 
or ths quality of tho oxpoximsnt, 
W t^hod A Sugcu s^j^ yf. appiro?^ lwat^ Qfti^ »> Fjcon equation(2)^ 
w» hava 
K, • - ^ S . .„ , , . , » . . , ( 3 a ) 
^ [ t ] (2-li) K^W 
x«<^ix«d stabil ity constanff^E^alnad by solving pa i^ of 
simtltanaous aquations daxivad fxooi aquationta)* 
m%^f^. 9, mUflPPl^Um • t ^•M Ik .^Mft «* ^»>« aquation 
(3a) and (3b) m hava 
log K^ « pus 4 lo9 [2/(1* 7l*i2 KjAj^)] . . . . (4a) 
log KL" Pt.3/2*logr2/( i* yi+l2 K^jjll . . . • (4b) 
M»,\||0<* ft ladtfypt^a^lmai yiffA<i^ yt Hyalytl*" aawritting 
aquation (2) for tha point (pL|*d, i<»d), wa havt 
log K^ « Pt^^^* leg 2( l*d)/ /*• d'-Hl( l-d')AgAj^ . . . (5) 
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whieh rvducM to 
log Kj • P!»j^ 4* log [(jU.il)/dJ . . . . . (^t) 
Similarly* i»h«n Kj^ ^Kj 
log Kg • I^i4<| • io9 [( l^d)/dj t . . . . . (6b) 
thft u«tt of these aquations ovor tho ntholo t»ng^ of tht 
formation curvo (0<d <l) l« only juttifiod if Kj^A2>lO*, 
though in this east tlothod D i t praforahlo to mothod C at i t 
can bo «pplie<i at tovaxal points along tho f omation ouxvo 
and the moan valuta of K^ and K^  obtaintd from tht rtsultt . 
Mtthod ^. Use of Mid»Pointt» At tht aid-point of tht 
f0219ation curve* where n •» I 
Kj^ Kjftj] « I or log Kj^ Kj • 2pLj^  (7) 
Tht abscissa of tht «id«point which thtrtfore givt a 
valut for the Bj overall constant whose precision i s limittd 
only by that of the exptrimtntal treatntnts. 
Mft^ Q.^  f. coyyf<?tlffff %%m HftM>* ^n • ty**** ^•^9 N-2, 
tht thtozetleally forMatlon curve i s syametrical about i t s 
•id-peint so that fren equation (6) and (7) 
P^i.d * **H4d • ^'^l • ^•^ I^'Sz ®^^  
fxm (5) 
log K^  • pL^^ ^ • r . . . . . . (9a) 
and 
log Kg " PLj^^ - y . . . . . . (9b) 
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wh«r« th« •corr«eti(iii Um* y, i t givn by 
/
ftmtmmmmmmmmmm ti ttmm>mmtmiMmlimmmmmim 
w^ d^  • 4(i»d^),K2Aj^ •,.*• (10) 
and d«p«nds in magnitude both upon d and upon thf} xatlo K^Ky, 
tt ICj^ /K2>lO^ » aquation! 10) raducat to y «* log [{l»d)/d] ,and 
tha cerraction tai» dapands only on tha valua of d (Mathod D) 
and btcomaa saro in tha tpecial casa whara d »H (Mathod C) 
Ht^ hod fai fc.taa,^,.,§<ya^„Jlfa|iaff,ll^.>. E<wation(2) can ba ranvittan 
aa 
.J l ^ , A^MlkL . K,«IC • K, •.••• (11) 
( l i - D W (ivi) ^ ^ * 
which i t the a(;piation to a atraight Xin9* Sinca» in practica* 
tha taxm t may vary by aavaral powaxa of tan» i t ia saldoat 
convaniant t© plot W{r^i)[t] againti (2»B)[l.y(l^l) to obtain 
tha tlop; Kj^Kg and intarcapt • K^, of tha beat straight lina« 
Tha conttanta are evaluated by tha laethod of t^e *leaat aquazta* 
which naket uae of all the experiwental data and avoida 
8'JbJective UMOothing* of data incidental i t plotting the *beat 
atraight line*. A minor diaadvantage ariaea froai propartiea of 
the functiona V(|^j^) and (2«l^)/(iWl}» iihich beconea very large 
at the centre of the curve (0.95C1^CU05} and very aenaitlve to 
ali9^t experiwintal arrora in K Pointa in thia aiiall region 
are therefore beat rejected in thia treatMent.^^ 
CHAPTER (III ) 
mcpLEXEs OF Bis?.iurHia I 
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QsBSBikfaiMLJtLMBmiMJtk 
Intraductloni* ThladiatoU i t a fivt iMnb«r«(i htUrocyclie 
ring •ytt«m having on9 sulphur and two nitrogen atca)i»d«p«nding 
on tha pcMiition of tha nitrogen atoms in the ring with 
rafaranca to tha sulphur aton nunbar it thara ara thraa typaa 
of thiadiasola laantionad balowt* 
1 l.atd-thiadiazola (I) 
2 l,2.4»thladia«ola (II) 









1 {^  - « - « . ^ 
i II 
H tKk CH 
S 
(III) 
2,5»Piinarc8pto»lt3»4»thiediazola ia thus a darivativa of (III) 
in which tha hydrogen atoms attached to the carbon atorae at 
position 2 and 5 are replaced by mercapto (-SH)groups. Since 
thia compound has long been used as a apacific analytical 
reagent for bismuth}^^^^ i t i s alam named as bismuthiol I . 
I t is also used in the analyaia of several other metalaj^^*^* 
Bismuthiol I exists in the fozm of a yellow powder 
having a melting point WB^ C, I t was synthesized by Losanitch*^ 
45 
in 1922 «rtd t>y Ba»b«t^^ in i952. Badisch^^ in 1956 prtpartd 
i t by th« int*x«ction of casrikon disuliHiide with hydraxint in 
tha px9*iinf of aodiuA hydxoxida* I t ia fairly solubia in hot 
athanoX and insolubla in ivatar. 
Thara aaems to b« no raport of any atz-uctural a tody on 
196 bisiDuthiol !• Boedbaa*^  had auggastad the thiol atxuctura 
for this compound on tha baaia of ita chefnical raactiona. In 
log 
tha year i960 Thorn sug^aatad on th® basia of ultraviolat 
studiaa that biamuthiol I could axist in three tautomaric 
for«a(I\A»VI) giv«n bolowi 
n — N m — NH N — m 
II II I I J I 
S S $ 
(IV) (V) (VI) 
Hf auggaatad that whila in CHCI3 tha dithiol atructura 
pradominataas in alcohol i t ia nainly in tha dithiona form. 
Haeantly* tha thiona atructura haa baan confiraad^^ for 
aolid from infrarad apaetral atudiaa. 
Biaanithiol I haa ainca long baan known to intaract 
with varioua aatala and conplax formation with Cu(II),Co(II)» 
Ni(II) and Zn(H) haa baan notad?^ A«paraa»tric titrationa 
of eoppar and palladium and apactrophotomatric datarminatian 
of palladium with thia ligand hava baan madaP^^^^ I t ia 
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uf«d in p9t9nti«Mt7lc titratidot «fid «oltibility <ltt«z«iii«tlon 
of tilvtr taltsf^^ Howtvvt, •x€«pt foar tht eoBpltxvt of 
23 122 
biiRUthiol Z with rhodiiM* otniutt and taUuritrnt * no 
•ttaapt ••ent to havo boon mado olthor to dotozfsino tho 
atruetujro ox in aono caaoa ovon tho compotition of tho 
conploxoa fomod* spectrophotoaotrie atudioo ahowod that tho 
coiipoaition of tho ooniiiRi compLox waa ^^^t^s^^sU '^^  ^ *^ 
of xhodiun waa Hg^M€2^2.^3)3 and H m{C2t*2%)2 ^^ 3Nand[|*.HCl, 
zoapectivoly* 
BiaiButhiol I haa found sovoral industrial applications. 
Ita sine OQMpound has baon usod as an antioxidant for motor 
oil*^ Tho tributyl tinchlorido compltx of biasiuthiol X haa 
also boon uaod aa a protoetiva agont against tho attack of 
21 
narin organiaM on tho bottoti of ahipar Its nickol coa^iound 
ia uaod ao catalyiiie agont in tho aianufacturo of aerylie aeid^^ 
and ita Co(n)» Cu(lZ) and zn eonpounda havo boon uaod aa 
20 baetorieidoat it ia alao uaod in tho aianufacturo of totra-
cyclino nAiioh ia low in chlorototracyeUnoP**^^ Tho 
phyaiology, bioehoaiatry and cytopathology of tho cornoa in 
zolatiOA to tho ifOwry by auaUrd gaa and alliod toxic agonta 
haa boon oxaninod. In thia connoction tho offoot of tho 
bianuthiol 2 on tho rabbita m* alao oxnainod but it waa found 
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to b* v»xy toxic duo to it« S^ H grouptr^ Xt hat boon 
tostod fojr doeontOMinotion of loodtito on huBon okin iHit 
i t Wit found to bo unto t it foe toiry* i t hat alto boon utod 
to foxtt MOYCusy dorivativot n^ich aro intoxnodiato in tho 
ftanufactuso of phaxnaeouticaXt and intoetJeidot. Tho 
ditulphido of dinoseapto thiadiaxolo rottrds tho diigottion 
of photographic onultiim and has a dittinet antifogging 
offocti^^ 
At part of a prograniBo of a tystonatie invottigation 
of eonploxlng property of this Xigand* tho naturo of i t t 
cootpXoxot with a Xargo nunbor of trantition notaXt havo boon 
roportod frois our Xaboratoryi* •^^ 
Proaont twor^ i* Tho ttabiXity conttantt of toao innor 
trantition awtaX iont such at Pr(lIX}»Nd(XXX),Sn(lXlKGd(lll), 
Dy(XIX) and UO^ CXX), Th(IV) havo boon dotozminod in aoXution 
using tho CaXvif^ BJorruiB pH-titraUon^*^^*^^»^* tochniquo 
at Bodifiod by Irving and Boatotti. 
ytfgi»Al ma Mfl^f^it" A«ro oarth chloride takon oithor 
diroctXy (PiCX^ N^dCX^  and OyCX^ ) or obtained froti oitidot 
(stt2Qj and Gd^ Oj) tvoro tiado anhydrout^* and reagent grade 
uranyX nitrate (BDH), Thoriun nitrate (May and Baker) wore 
dittoXved in perchloric acid (BiodeX) of detired noxMoXity* 
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Th« llgand tolution w prvpaMd by ditsolving r«quitit« 
Mount of BiOMuthiol Z mp.iSB% ^Koel^Light, A*R.Qro<lo) in 
ethanol. Sodlun hydroxido (BDH) and todlUM posehlor»to(Ritdol) 
solutions wors propoxod in CO^  froo doid>lo distillod wotor* 
Tho N«OH ond HClO^  solutions «ioro stondaxdixod by known 
•othodsf*^ 
Apparatus t- An EtXCOb.LZ*iO pH»sittor having an accuracy of 
4^  0,05 unit, was amployad in combination «dlth glass^ealoisoi 
olectrodos. Tho calibration of pH»oloGtrodo systov was dona 
with tho holp of standard buffoxo (pH 4.0 and 9.12}* An inort 
ataiosphoro was nalntainod by bubbling oxygon and carbon-dioxido 
froo nltrogon gas through tho solution* 
Calvin»Biorru» piwtitration orocoduro 
Tho oxporiswntal* proeec«uro involvad tho titration of 
of HCiq|{0«l01M) • 2d*0 al of 0»00»M Biaswthiol Z|(C} 5.0 sil 
of HaiO (^0«lOlii) containing sMtal iona (0.009M} • 25.0 nl of 
Bianuthiol I (0.009M)t against a standard solution of sodiuA 
hydroxido (0.212BM). Tho total voluaa in all tha abovo casos 
was kopt constant at 50.0 al. Tho dtsirod total ionic atrongth 
(u) waa also kapt constant by adding appropriata VOIUBM of 
NaclO^ aolution (1.0M). 
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Th« ptWcosTMCtion faetor has b««ii d«t«xain«d for th« 
convtriien of pH»Mttr ztodlngCB) Into hydrogon Ion eoneoiv 
trail on in 75J( v/v othanoUwatoy aodiwi ytlng tha follovdng 
t«Ghni<|uo* 
Tha hydrogan Ion eoncantration wat dataxninad aecoxding 
to van Uitart and Haaa ralationahip^^C i) 
<• log H^  • B • I09 U^  •••• i i ) 
n^f B ia tha |3ll««ataz raading and I09 l^ la tha pH corractlon 
faotor in aquaotia athanol mlxtuxa at a particular teffiparatura 
and ralatad to tha activity eoaffidant according to aqB^U^«) 
log U^  • log Ug - log {l/f± ) . . . . (2) 
whara log ug ia tha convaralon factor and ia indapandant of 
ionic eoncantration* 
Tha valua of log U^  for 75^ v/v athanol wttar awdiiM 
at a daairad ionic atrangth wara obtainad by caaparing plkiMtar 
raading with tha atoichiaaatric eoncantration during ^ he 
titration of HClO^  with tatraaathylaMioniWB hydroxida in 
75 val*^ athanol •*- 29 voLjK iipatar* Tha valuaa of activity 
coafficiant log ( T T ^ ) Mora dataraiinad by intarpolation fraai 
tha plot of log ( r ^ ) against siaan Molarity (i^) in 75^ vol* 







FIG.2 TYPICAL TITRATIONCURVES 
OF RARE EARTH (I I I ) ION COMPLEX 
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HCl in aqutout •thanel tyttva. Th« iMgativ* loyaritha of 
ditsoeiatiofi eonttwit, p!^ can ba ealculatad «dth tha halp 
of aquation (3) 
l^totvllqan^ a^abiU^y cont^ a^^a. 
BiauMthiel. 2 haa two diaaoclabia pjrotona and axiata 
pTOdomlnantly in the thiono fonKX) in aqMilibviua with a 
aniall <|iiafitity of tha thiol fo»^^(XX) and bahaves lika a 
bipretic acid* diaaociating into € 2 ^ ^ in tt«o &t9pa aa 
ahown baiow i n equations (1) and ( 2 ) , 
HM - — NH N — N 
1 J _ _ II 11 
 
« ^ 
HS-C S-C^ C»S - . C - SH 
s 
(X) (II) 
^a^a'^^s V ' ^ CjH NjSj • H* . . . . • ( i ) 
CjH MjSJ :5==s± CjNjS^ • H* . , . . • (2) 
Tha aeid li9and euxva daviataa f vaii tha pura aeid curva naasr 
B« 3*0 (Pi9,2)« Tha calaux of tha aeid-ligand aolution chan^ad 
ta daap yallow txm l i9ht yallow aa tha II vaiua of tha aolution 
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FfG.3(b) PROTON- LIGAND 
STABILITY CONSTANTS 
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•ppyotehtif 4»0, This d—p e«layjr of th» tftlutittn fwrnim 
ufi«htiig«i upttt B^*0 and dit«p{>««Yt b«tw*«ii B«9 and JlJu Th« 
vaiy«f of pxoton-ligtfid fofnatlon nuaboar or tho avoxigo 
nuiANiv of pjrotoiw tttt«ch«4 with tho Bisieuthiol I (i^) havo 
l»«9n o«leuUt«4 ittifm tho following foznuUi 
whoxo Y is tho avoxtgo nw^o^x of dissocialilo {protons pzotont 
in t}i« Uganda V* and V* a ^ voltneoa of alkali iro^ixail to 
yoaoh tho aano pH in tha aoidt aei«l»ligand titration ciurvaa 
satpactivolyi V^ » N®* B® and TJ aw tha total yoluBo of tho 
iiiixtuso8» eonoontration of tha titrant, initial ooneantration 
of aeid and initial ooncantration of tha ligand* 
Tha highaat valua of n]^  obtainad ia appsoxinataly 2.0 
in all tho eatoa* Thasa obaaxvatiwia ara in good agraanant 
with tha pzoaanea of diaaoeiabla protons in Biamithiol !• 
TharaforOf i t ia auggaatad that firat proton ia ralaaaad 
batwaan B«4 and S and tha saoond proton diaaoeiata batwaan 
B«9 and U* 
Tha ptoto»»ligand foMOtion euxv hava baan ^tainad 
by plotting proton ligand fomation niMbar t^ againat B» 
(labia* l« Fig. 3a.). Tha approxiMOta valua of tha proton* ligand 
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TabU • 7, Pr5tor».ligand » tab i l i ty constants of Bitmuthiol I at 2&^* 
Ill 1 1 1 . I I i.« pim ••III! •! I n iiiiiiH I m i • i m II I II mi nimi.n ii • n • i i i««»——. 
Stabil i ty Conatant* Ionic Stronqth Qj - ) 
O.iSM O.lOlS 0,05M O.OOM 
l o g K^ ^ 8 ,85i 0,05 9.3a ± 0 . 0 2 5 10,00* 0,025 11.45 
®^9 K^  3.90t 0.05 4 * 1 0 * 0 . 0 2 5 4 .10^0,025 4.70 
log ^ 12.75JL 0,05 1 3 . 4 5 * 0 . 0 2 5 14.25*0,025 16.15 
Standard dovlatioB lO. 037 ±0.032 ±0.0066 
o -
(0.13<r»^<1.6l) (0.28<B^<1.77) (C.2<n^<1.84) 
57 
eofittftfit» {p^ «f}d py^ ) ms* obtained by polntwitt 
ealeulatloiMi using th« foUowing •qutttiontt 
pK^  • pH • log - ' ^ ^ In th# arang« (JU04B*< 2.0) 
2-n^ 
pi^ • pH • log -^— in th» x*ngt (i.O>n* ) 
and « » in g9n«ral «gr«««ont vAth thote dt>tiintd by half 
integral ffiathod,CTabla»2), 
Tha fC valuaa havo ala» baan caleulatad using tha 
axparioMntally dataxednad valuaa of pK^  and pf^ • tha atanda^ 
daviaUon ( a- ) has baan caleulatad using tha follovdng 
xalationahipt 
^» 4i((nJ[ Calc.^n]!^ axpt, ) v Nu»bar of obsarvations)^ and 
tha liadta of axxor fo» tha pjroton ligand stability constanta 
ara obtainad fron tha ataximim ho»iiontal diaplacamant 
of tha caleulatad eurvaa (nt Cale«) va pH fron tha axpariaantal 
aoaa/*^ 
•A 
Matal ligand atability canatantat 
(PgillZ). MddXX), SM(ni}, Oddxi) and oydxi) eoi«>laxaa 
of BiaMithial Z). 
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Tht wmUl ligand f omatlon ninibvr or av«r«gt nunb«r 
of liflOiMlt ottoehtd por M U I ionCnT} hat baon eoleuUtod 
using tho following xolationthip* 
whoart T^  i t tht initial concvntration of natal iont. 
Bafora the oaleulation of stability constants of T*X9 aarth 
OQitplaxas, i t «AS eonsidarad that tha factor liks hydrolysia 
of Biatal ion and tha presonea of fozraation of polymarie 
spaciM should alsioat be nagligibla. Bot^  thasa possibilitiaa 
havs l^an ehaokad to a graatar oxtant by Miploying diluto 
solution and laortcing at low pH i*a« upto B«&*S. At thia pH* 
tha possibility of polysierization and hydrolysis of »atal ion 
was alsioat nagligibla as ths highaat n valua was found to ba 
i»93 in all tha caaaa and tha turbidity also appoazs ab«vo 
this pK. Tha casiplaxation reaction batwaan lanthanida (HI) 
ion and Biasaithiol X was envious by tha deviation of the MotaU 
ligand titration curve froai the reagent curve to a tonsiderabla 
distance along the volusie axis (Fig«3)» 
The % values were ealculatad at different pH values and 
the increase in the 1^  values waa found to be continuoua froai 
&«4*0 to 5*8 in swat of the caaaa* The MaxiMM % value waa 
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T«I>1« • 3. Ptini) Conpltx of Bitnuthioi I at 2d% and / i - O.XQM 
B PL 
0,27 Jl2.09e6 
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FIG. 4 TYPICAL FORMATION CURVE OF RARE EARTH 
COMPLEX OF BISMUTHIOL I 
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i*X93 at B«6,9 in al l th« e«t«t. ThamfoM only • IsX €OMpl«x 
ftfZiMtiM w«t •U99*st«d, Th« n valuM ehanga abrupUy bayond 
B»6td, <)u« to tho iiydrolyoio of tho notal iono. Sine* i t io 
iapotfiblo to oolcyloto tho oxoct eoneontrotion of sotoi ion 
eosploxod with tho ligond in tho xogion of hydrolytia, B vaiuot 
iMoro eonaidoTod only ypto 8"6«& and tho posaibiUty of othov 
than 111 eonpiox fonaation waa disoasdod. 
Tho froo ligand oxponont ipL) valuoa uroro eaieulatod 
at varioua % valuoa using tho following oquation* 
PL m log^ Q 
^ fii ^ antil og fi yp^ y»«^ ^ 
MS 
whozo B^  ia tho ovoxall proton ligand atability conatant 
and B ia pH»aMitor roading. Tho »otal ligand fozwation euxvoa 
woxo oonatzuotod by plotting % againat pt(T.ablo»3«-'7) and Fig«4«ftMi 
thoao 
/ofirvotf tho appxoxinato yaluo of log Kj^ oould bo dirootly zoad 
at li •<>•§ and an aeeurato valuo waa obtainod by pointwiao 
oalculationa uaing tho following xolationahlpi 








































































Th« log - J L — v»iu«s wtrt plotted against pL valuot 
I • R 
a.icl tho linoar oquatioii wot oolvod for difforont valuot of n 
and pi. ioloctod in tho rango (A >0.2 to 0.8)* Tho valuot of 
standard doviatlon (<7^  ) of tho notaL-Ugand stability 
constants havo bean ealculatod using tho following aquation 
and also eonputod in the Iablo»8* 
oC . ( ^  (]& •«p> » ^ Cale, f \^ 
H 
whors N « number of obeervaticms. 
The raze earth owtal ions differ from each other in 
the number of electrons in the 4f orbitals which are effectively 
shielded fron interaction with ligand orbitala by eleetrona 
in the 5S and 5d oibitala. Hybridization would involve 
noroMlly unoccupied higher energy orbitala (e*g«) 5dt 6$ and 
tp) and this way be expected to occur with the nost strongly 
coordinating Uganda* Rare earths» therefore* noxsially forai 
ionic coapounds* The possibility of covalent interaction, 
however, could not be conpletely excluded as reported in case 
of acetylacetone chelates of rare earthsP^ 
If the bonds are ionic, the Born relation E»eV2r.(l*l/l3) 





ion of ehargt (•} and a«diut (x) in % mdiun of dioUetric 
oenttant (0)« Sine* tho stability oonttant it solatod dizootly 
to thii onorgy* tho l ^ K valuot thould incrooto linooxly 
with oVjf* 
Tho otobiLity eonotanto (log K^) of tho l i l coaplox of 
tho raro oaxth ions with Biamithiol 2 havo also baofi plottod 
¥07aut oVr* Fo3r tho calculation of oVr valuoa* tho valuoa 
of ionic radii havo boon taken farom CottonT^* Tho plot i t 
ahown in (Fig^d) for PvCXII), HddlX), SndXI)* Qd(nz) and 
Dy(XX2) con^loxoa. Xt ia aoon that tho stability constants 
incroaso with oVr for thoso c08|>loxos and tho incsoaao is 
roughly linoar suggosting that tho notal ligand bonds havo 
soMo ionic chazactor. 
Tho ordor of tho thomodynasiie stability of thoso raro 
oarth CMploxos is aa follows 
mi in)>oy( III);^Kd(iii)>M iny^GAi xu) 
UQUdl) And Th(ZV} Coiiploxos of BisHuthiol X 
Tho doparturo ^ f tho aotal ligand titration curvos frssi tho 
puro acid ourvo csanoneos at B« 3«0« In tho proaont caso all 
tho calculations for % values hsvo boon dono upto B«6.ft, 
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b«e«ut« •]>•¥• thii B th* uv«fiyi and thoHtai iont 9«t hydrolyttd* 
Th« PL vtluM ctUuUUd «t various 1^  valMtt and tha aataU 
Ugand fomation curvta hava baan obtainad by plotting B 
against pU Froft thata fo»ation curvas tha valua of stability 
eoMtants could ba diraetly vaad Bm% valuas* Tha highaat 
% valiios obtainad in oasa of uc|^ aza 0.933* 1.179 and l»45 
at 0»i5M» 0»lCm and thOm ionie 8tyangth( M ) xaapactivaly 
boon (tabla 9<)« Thavofoya only log K^ haa/bbtainad and a l i l oomplaM 
fox«ation was auggastad for tha IK^* ion (Fig«6)« 
la tha oaaa of Th^ '*' ion tho maxioun % valuas obtainad 
ara l»8d9 and 2*301 at ionic atrangtha 0»im and O«l0lt 
raapaotivaly, (tabla»lO,)« Hanea only log iCj^  and l ^ K^ *f 
obtainad for tha thoziun coaplax at thasa ionie stirangths. 
Hoivavart ainca at tha ionic strangth of 0*05ll| tha naxioin 7i 
valua la 3«09« lag K^ la alao obtainad in addition to log K^  
and leg K2» snd tha fozMtion of Is I* It 2 and It 3 conplaxas 
haa baan auggastad far tha thoriua ion (Fig.7)* 
For tha dataxMination of «ataUligand atabillty constants, 
6|jarzuai*a half intagzal atthad was usad* In addition log Kj^  and 
log K2 valuaa warn calculatad by pointwisa calculation using 
following aquationas 
lag Kj^  • pL • log (Uh )/K 
log Kj • PL • log (2-* ) / (Vl ) 
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Thtmodynanie stability constants ars mosre connonly 
obtainad by axtxapolatlon stoiehloMitric constants«dataznlnad 
at a nuidftsx of ionic strtngths to infinita dilution. Plots of 
log K^ against jti^^ ot ji^ aira soisatiMs axtrapolatad^^ ^ * by 
aya to giv» tha ra^ii^d valua of tht thazmodynamic aquilibriun 
constant. Theraforst stability constanta at zaro strangth 
u 
hava baan dataroinad fron tha plot of log K varsus fir and 
axtrapolating it upto zaro ionic strangth (Fig.3b and pig.8 a,b). 
Tha changa in firaa anargy* <* ^^ has bean calculatad using 
the ralationship, (• ^F^a> RTlnK) and xacozdad in Tabla •iX» 
Tha thoriun cosiplm aaaats to be of aora stability than tha 
uranyl cooplax, (Th(lV)>UCVj(lI). 
#*»* 
y Tli^rS) ;xO 
UNIVER'^ ^^  
CH/^ PTER (IV) 
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2(3H)«B»niliiilditol«thion«(J) and 2-«itrcaptob«ntliBad«toUthlol 
or 2-benxlaldixol«thlol( II) * « t«uto«»rlc 8ub»t»nctt,«n«logout 
to 2(3H)-b«nzlinid«iolon« «Ad 2.hyd70xyb«nzlmldazolt. 
I^^^^N— .N 




Befor« 1937. its nama appearing in chemical Abstracts 
was 2-benxiaiidatoleiaereaptan. Other nanes found in literature 
are o»phenylenethiourea, 2^thiobenxi»idazolone and o»phenylene* 
thiocarbamide* 
It consists of a benxtne ring fused to the 4 and 5 
positions of the mercaptodaxivative of imidazole. The various 
positions of the benzimidaxole ring are numbered taking the 




It showrs most of th« proptrtitt of iialdazol* group. Th* 
azomaticity in complataly conjugatad monocyclic aystam 
requiraa a plunar array of atons with 4n • 2 n alactzom/^ 
Th3 possibility for aromaticity in iraidazolo can than be 
recognisad if imidazole ia conaidarad to ba conatxucted from 
a trigonal nitrogen with two electroiui in the unh^ridizad 
ozfoital (M-l* "Pyrrole nitrogen")* a trigonal nitrogen with a 
lone pair in a hybrid orbital and a single electron in the 
p o]rit>ital (N»3,"pyridine nitrogen") and three trigonal caaribon 
atoms each with one electron in a p orbital. An aromatic 
sextet ia then available. Imidazole is indeed 
H 
ge.iarally regarded aa being axosMtic. The N»3 nitrogen of 
iiiidazole aptly tamed to pyridine nitrogen while N-l nitrogen 
ia called the pyrrole nitrogen* The pyridine nitrogen diaplaya 
fractional negative<r and TT electronic chargea indicating that 
thia nitrogen ia a nodaat vr- acceptor and a weak n acceptor* 
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Imldazoit and also banzlnldazola ara aophotaric, baing 
modarataly strong organic baaaa capabla to accapting protons 
at r«»3 as wall aa vary uraak acids capabla of losing a proton 
from poaition I* As will be avidant from tha discussion to 
follow, in solutions naar nautrality, tha unprotonatad 
iaddazola nolecula usually functions as a ligand via the unaharad 
pair of electrons on M»3. Although structures involving bonding 
158 
with the ^ pyrrole* nitrogen of imidazole have been proposed 
or considered as reaction interaediate and there seesis to be 
fairly widespread acceptance of this possibility for two bomiing 
roodaa* *^ *' There is» however* no authenticated case of such 
bonding and it is a priori quite unlikely because an unshared 
pair does not exist, at the pyrrole nitrogen as the electroiw •v 
delocalized TT system. 
BZlm H* 
- H * 0C:> - H + 0C> 
H 
BZlm BZlm 
2(3H)»Benzinidazolethione, in general may be prepared vary 
conveniently from e^phenylenadiammina and carbon diaulphida 
SI 
•• thowfi b«lo«». 
* C S , ^ I II I - H j S 
Th« reaction is carried out usually by heating the 
•dlution 
reactanta in alcoholior^with or without the addition of alkali 
162 to the reaction Rixture* 
Benzlmidatole and a mmto^T oi its derivatives possess 
a variety of biological action. Bensiniidazole ia 
relatively non toxic and hat little effect on the blood 
pressure. A large nunber of benzinidatole derivatives are 
reported to possess trypnososilcldal and splrochetlcldal action 
against disease caused by protoxoa. These compounds in iwst 
cases are derivatives of 2(3H}benxlnldaxolethiene or 2(3i)«>benxi* 
addasolone containing an arseno, arsonle acid or arsine oxide 
grouping en the benxene pojrtion of the benzladdaxole ring* 
2(3H)«>BenxlKldaxelone etibonic acid derivatives are reported 
to be useful for the treataitnt of diseases caused by protoxoa, 
A mmb^w of benxlaldaxoles have been tested for 
geltrogenie activity. '"^ Mainly these cea4>ounds are derivatives 
8*^  (z 
of 2( 3H}*b«niiiiidl«sol«thion«* 2(3H)«S«n2iBid«soXtthioM iU«lf 
it iMixlc«dly goitzog«filc. 
2»B«nxi«id«sol«thiol is an industrially inportsnt 
compound* Contain nttallic salts of .2t.B«n2imidasol«thiel 
hav« boon usod as hsat stabilixairs for polyanidas. ' It has 
been found to be of values^ too» as an antioxidant for rubbor. 
Tbis eompound has boon usod as a spoeific reagsnt for tho 
dotdsmination of variotts natals* The lead complexes of 
2«l>enxinidasolethiol Is also used in making photoconductive 
168 layers in electrophotographie plates*^ The adducts of this 
reagent with tin(n&IV) and antimonyCZIX) halides have been 
reported by Ouchl and Takeuchi. ahodiun and iridium complexes 
have been isolated and spectrephotometrie determination of 
palladium using this compound has also been done. '*' The 
formation of Ru(III} complexes with 2-mercaptobentimidazole 
in an aqueous ethanol medium was studied by Pilipenko and 
coworkers spectrophotometrically.^^^ 
In view of the fact that the coordinating ability of 
2»benximidazolethiel has not been fully exploited, and that 
net much is known about the structure of its complexes, it waa 
considered worthwhile to study the interaction of thla ligand 
with some transition as well as inner transition metal iom 
in solution. 
8'5 o 
y*lni^ ^A> tfft Ifttftf4»* «^ x««yl nltrattCBDH),thoaui» nltrat. 
(Hay & B«k«r)» vtntdyUhiorid* (SDH), mnganout chloridt (BDH), 
ehxflnic ehloxld* (BDH) and farrlc chlorida idDH){^ll raagant 
9xada)an(i anhydrmta zaxa aarth chlorida olther obtalnad 
dixaetly or praparad fxoai thalr oxidaa^ wara diaaolvad in 
parchlorie aeid afvd conductivity inatar to obtain a aolution 
of the xaciuiaita noxiaality* Tha isatal contanta of tha 
aolution were aatiaatad by EOTA titrationa,'" Tha ligand 
aolution waa psaparad by diaaolving raquisita amount of 
2»banxiiiiidaxolathiol» ia.p«295^ C (Pluka, A,a.) in athanoU Tha 
aoditttt hydroxida (BOH) and parehlorie aeid CE.Maxck) aolutiona 
¥mv pxaparad in CC^  fraa doubla diatiliad watar and atandai^ 
diiad by known •iathod/^ '^ NaCiq|(RiadaI) waa alao diaaolvad in 
doubla diatiliad watar to obtain a l*OM aolution. 
^paratuf»«> For pH^datamination. an ELICO.LX0 pH n^atax with 
^ 0.09 accuracy waa aiikployad in conbination with glaaa caloaal 
alaetxodaa* Tha calibration of pH-alactxoda syttan waa dona 
with tha halp of atandard buffara (pH 4.0 and 9.12), An inart 
atMoaphara waa aiaintainad by bubbling oxygan and carbondiocida 
fx«a nitrogan gaa through tha aolutiona. All tha aolutiona 
wara thamoatattad at 25® it 0, i or 30^ ± 0. i. 
Calvii»>aiarruM>titration procfdm^i- Tha axparinantal pxocadura 
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FIG. 9 TYPICAL TITRATION CURVES OF2-BENZIMIDAZOLETHIOL 
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of HCXO^(0.1014M)| (B) 5.0 ml of HClO^(0.1014) • 25.0 nl of 
ligand (O.OOSM)) (C) 5.0 nl of HC10^(0. i0i4M) containing cetal 
ions (0.005M) • 25.0 ad of {0.005M) ligandi against a standard 
soluUon of MaOH (0.1923M). Tha total v4>luiaa in all tha abova 
cases was kapt at 50.0 ml. The desired total ionic strength 
was kept constant by adding appropriate amount of NaGlO^(l.(^) 
solution. 
RESULTS AHD DIXUSSIO^ 
Proton-ligand stability constantt-





At low pH^meter reading (B)• the acid ligand curve lies 
slightly above the pure acid curve (Fig.9}. Since bensimida* 

















FIG.lO PROTON LIGAND FORMATION 
CURVES OF 2- BENZfMIDAZOLETHIOL 
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T«bl« • l a . nT valutt of 2-B«nxiMid*xoUthiol «t 29^C. 
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capablt of acctptlng parotont at N>3 •• «wll •• v«ry %Mak 
a«idt c«pabi« of lo8ln9 proton froa N»X« in acidic 9MdiiM» 
2-b«nsiiBidaaol«thiol nay accapt a proton and dua to thia 
protonation* the acid ligand eurva liaa slightly abova tha 
pura acid eurva. Abcve pH"9*0, tha ligand curve daviataa 
from tha pure acid curve. 
The proton-11 gand fosnatlon ntmber nT ware calculated 
In between Bx^ and 12 with the help of the following 
expreaaiond). 
^ (v% v) T* 
The ti^ value were obaearved In the range 1.0 to 2*0, 
Table indicates that only one proton la diaaoelatad preaumably 
fre« the (N»H group) in thla range of pH. The proton fornation 
curvea have been obtained by plotting n^ va pH. (Fig. 10 and 
TAble»l2). FroM theae foxmation curvea only log (^  have been 
obtained by Bi}erruit*a half Integral method (Table* 13^ The 
accurate value of log 1^ haa been calculated by pointwlae 
calculation Method ualng the following equation(2). 
log IC - pH • log ^ , (2) 
2.n^ 
90 
On plotting log -^jp- vowui pH, • llnotr plot h w 
b«»n obtttinvd which can b« solvtdl for tho vtluo of I09 i^* 
Tho ttindazd doviation ((T ) h«t bten e«lcul«t«d 
tnployifig tho following r«l«tionship^^(3)* 
<5^  • i N • * • • • (3) 
tiAoxo N«Nunbor of oboorvationt and A n ^ « n*^(«xpt)^n*(Calc.). 
n^Cale. valuoa are alto obtainad from tht aquation!2). 
^^4 P Y ( A ; ^ ) ffgwp.Uxf fff ,;8*B.fnf^ ftJ^ 5H^ ffllft>»ltl* 
Tha eomplaxation raactlon batwaan lanthanida(IIl) iont 
and 2*iBaxcaptobenziinidatola (2«*Bansimldazolathiol) waa obvious 
by tha daviation of nataUligand titration curva frooi tha 
raagant curva to a eonsidarabla distanca along tha voluna 
axia (Fig.9). Tha daviation of natal ligsnd curva coimaneaa 
froBi B"3* Bafora tha calculation of «atal ligand formation 
nunbar or avaraga nunbar of ligand nolaculaa attachad p%T aatal 
ion %, it waa contidarad nacaaaary to anaura that thart waa no 
pf)aaibility of tha axiatanca of polynuelaar apaeiaa and 
91 
Ttblt •14 , YCIII ) Cooplex of 2-Btn«i»ld«sol«thldi «t 30*^ 














TabU • 15. Pr(IZI) CoMpUx of 2.Btnzinld«toUthiol t t 30% 













Tabl* • 16, NddXX) CosnpUx of 2«B*nxlf»id«xol«thiol at 30^0 













TabU - 17. SBidll) Complex of 2-B«n«iiaidtioUthiol i t 30**C 















TabX« » 18, Gd(XII} Coapicx of 2»Bofi2ii»id«tol«thioI «t 30^ G 














Table - 19. Oy(2II} Complex of 2.B»nziraidazol«thiol at 30^C 















hydrolysis of nstal ion* Th« occurx«nc« of such sptciot 
could bo rulod out by wooing in diluto tolutiom. Tho posti* 
bility of hydrolysi* of tho «ot«l iont could also bo choekod 
to a graator axtont by eonsidorlng tha % valuaa only upto 
The % valuaa have been calculated using the following 
relationship(4). 
i. 
The increase in the n value ««is contimtoua fros B«3*0 to B«6.& 
in all the cases. The highest n value «»aa found to be noro 
than 0.5 in all the eases« Therefore, only a is I complex 
formation waa suggested. The n values change abruptly beyond 
B«6.5,due to tho hydrolysis of metal ion* Since it it impossible 
to calculate the exact concentration of the metal ion eomplexed 
with the 2*Benximidazolethiol in the region of hydrolysia^ 
therefore* only % values woro considerod upto Ba6«5 and the 
possibility of other than H i foxmation waa ruled out 
(Table-14-19). 
The free ligand exponent f^ values were calculated at 
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OF 2-BENZIMIDAZOLETHIOL COMPLEX 
<n 


































































8 8 8 
-4 
o 
8 8 8 
•4 
O 
































^ - \li^ 
H Jb.iiiiiiiX. .^{^1 
( » ) 
«nd tht Mtal llgand foxcaation curv«t «»#» conttsuctad by 
plotting n againtt pL(Flg»ll4*Froak tha foznation curvaa,log K^ 
v»aa obtalnad by Qjarxun'a half Intagral mathod* Log K^ waa alae 
obtainad by pointwdaa calculation nathod with tha halp of tha 
foUomdlng aqiiation(6}. 
pL • log I'v (e) log Kj^ 
and tha iog-j^jp valuaa plotted againat pL to obtain a linaar 
plot and tha linear equation was solved for different valuea of 
n and pS. selected between (Ti « 0*2 and 0,8). The average of log K. 
valuea has been conputed in 'pble-ao. The atandazd deviation 
have been calculated eaploying equation{7) 




where N » Nunber of observationa« 
The value of syateMtie mtxpr was alao calculated by comparing 
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FIG.13 TITRATION CURVES OF UO2 ( l l ) A N D T h CIV) 
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Th« stability constants of tht Hi conplax of vax^axth Ions 
with 2-ti«nzitnid«sol«thioI havs b«9n plottad against aV^ Tha 
graph shown in (Fig. 12) for PxiUl), 14d(III), Smilll) and 
Gd(ZII) ion* conplaxaa, indicataa that tha atability constanta 
incraaaa with aVr and the incraasa is roughly linaar auggasting 
that the isetal ligand bonds have some ionic character. The order 
of the stability of these rare earth coaplexes are aa followa. 
sa(in)> (3d(iii);>v(in)^Nd(ni))>Pr(ni);;^Dy(in) 
XI* fO|ia>tioft constanta of V^(;i) antjl Th(;v) pomployes <tf 
g,Ben»iaddagolethiol* 
For the calculation of stability constants of uranyl 
and thorium coaiplexea» it was considered reasonable that the 
possibility of the presence of polynudear species and the 
hydrolysis of tt)iese metal iona could be ruled out by working 
at low pH (only upto B«6,5) and in dilute solution. 
The conplexation reaction between VC^* and Th^ "^  ions 
and 2.benEimidaxolethiol waa obvious by the deviation of aetal* 
ligand titration curve fra« the reagent curve to a considerable 
diatancailong the voluaw axia(Fig. 13). The increase in the 
% values was continuoua from B«3.0 to B«6.5 in all the caaes. 
The maxiaua % values for thorium complex nw found to be/' 2 and 
104 
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FIG.I5 FORMATION CURVES OF Th ( IV )COMPLEXES 
OF 2-BENZ(MIDAZOLETHIOL 
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for uranyl conplmc X.5 in all the €••••(Tibl«-21 and 22), 
ThtrtfOTt, log K^ and log K^ ar« obtainad for that* coaplaxaa. 
Thf n valuaa ehanga abruptly beyond B"6,&» dua to tha hydrolyaia 
of tha matal ion. Sinca it it inapotalbla to calculata tha axact 
concantration of isatal ion eofoplaxat with tha ligand in tha 
ragion of hydrolyaia, n valuaa wara contidarad only upto B"6.9 
and tha poaaibility of othar than 1»2 coaplax formation waa 
rulad out* 
Tha pL valuaa nvaro calculated at varioua n valuaa and 
natal ligand formation curvaa wara conatructad by plotting It 
varaua pL{Fig. i4,X5), Tha log Kj^^ and log K^ ^fT9 obtainad at 
jur* 0.05M, M » O.lOM and M » O.ldM using BJarzuM*6 half integral 
method and extended to the aquaoua ethanol nadiun by the method 
of Van Uitert and Haaa^^^ aa waa done in caae of Biamuthiel I 
eomplexea* In addition to Bjerrun*a half integral method* log K^ 
and log K^ ^**^ alao obtained by pointvdae calculation method 
uaing the following equations(8) and (9)* The average of log K 
log K^ • ja. • log-^-^li- .... (g) 
log Kj • pL • log-|^||- .... (9) 
value haa bean computed in the(t»ble-27).The change in free 
energy A Q ^ haa alto been calculated and the thorium complex 
109 
CD 8.0 -
10 2.0 3 0 A.O 
NaOH(mls.) 
FIG.ie TfTRATfON CURVES OF 2-BENZ(MIDAZOLETHlOL 
COMPLEXES AT M = 0. lOM 
l iO 
UbU • 2 3 . VOCII) CompUx«t of 2^B«nsiiiid«SQUthiol ^tZS^C, 




















































































T«bU • 2 4 , mill) ConpUx«t of 2*S«nsiiiii<|a2oUthlol at 25%, 
























































Table • 25* Cr{122) Co»pUx«t of 2- .09f is i«i^ioUthi0l at 23^C. 
% PL It PL 




















































r^U • 26, F«(2X2} CoapUxM of 2«B«nsimld«sol0thiol t t 29rC 

















































































































•t«nt to bt laort •ttblv than the uranyl conpl«x(Th^'^ ^ 2 ^ ^ * 
(iii) I^ QffMtljan coyi»f n f of V0( 1 1 } . ^ 11),qr(m) •ndi.,f ( M l 
Thf departure of metal llgand titration curves from 
reagent curve coimence at B»3* 0 (Fig. 16.)« In all the caees the 
solution gate hydrolyeed Just above f3H*6.5 except for Mndl) 
In which case the turbidity appears betwieen B»9 and 10. The 
increase In the % values for all the cofoplexes was continuous 
fron B»3.0 to 6*5 except in case of Mn(II). The highest n values 
are found to be less than 1.5 at B»6,5, but In the case of 
t&Mli), the highest li value reaches approxlaiately to 1.0* The 
n changes abruptly as soon as the metal gets hydrolysed* In 
the region of hydrolysis It Is very difficult to calculate the 
exact concentration of the ligand eoi^>lexed with the isetal ion* 
the II values were taken into consideration only upto B<i6. d in 
of 
case/ro(II). CrCllI) and Fe(in) but in the case of Mn(ll) it 
was considered upto B«iO Oble 23»26.).Thus the possibility of 
other than lil conplex foznatlon for these ions could be ruled 
out. Qf)ly log K^ was, therefore, obtained for VCKII),Mn( 12), 
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FIG. 18 FORMATION CURVES OF 
2-BeNZIMlDAZOLETHIOL COMPLEXES 
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FIG. 19 FORMATION CURVES OF 
2-BENZIMIDAZOLE THIOL COMPLEXES 
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FrG.20 FORMATION CURVES O F 
2-.BEN2IMIDA20LETHIOL COMPLEXES 
OF Fe ( I I I ) 
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T«blt <»27. Mttal-llgand t t a b l l i t y constants of 2*Bsnzimidaxolsthiol 
eooplsxss St 25^ C« 
^ ^ , , . ^ _ _ , „ _ „ j iiinnr—i).i.u>.iiii' '.iwi 11 •U.i»-UUL II •iiii...ii. .u . • ii li i n i im iiu.. . j j inwi niiiiiiiiMiin r--ii ir mi in iin -fiTiirr"i—r iTl--r ' . . _ ^ _ ^ _ _ „ _ _ . , . . > . ^ _ _ _ ^ _ , , . ^ „ _ _ _ _ — ^ 
Ionic strength Stabi l i ty UQ^dl) T M I V ) 
constants * — " ' 
logK^ Kcal/sioU logK^ ^ Kcsl/noU 
^ • 0 . 1 5 M log K^  8.60:t0»0& l i . 6 9 10»l7+0.02 13.82 
log Kg 7.9010.05 10.60 9,87+0.02 13,42 
I og Prt 16. SPtO. 05 22» 29 20.04*0.02 27.24 
*^ +0.045 ip, C87 
(0.2<lia. 61) (0 .5<n^. 0) 
<W<iw«p<«MiMBMMMWiw»wwii>^wwtwwawWiWWiiiii.iii»Miiiiiw<Mw.iiiaiigii^iwiwww^ ••iwi ••wwiii»winiiniiiM II hmmmmmmmik,, inm*umiuiimm,mmm'imHmmt>m\mmtM,m, mm-v i iiiLHiwiiWiiwi mMmmmmmmmm 
I og K^  8.80fr 0.02 II. 96 lO. 65^0.025 14.47 
jU«»0. lOM log Kg 8.154,0.02 11.08 9.90+0.025 13.46 
log p„ 16.95+0.02 23.04 20.55+0.025 27.93 
o^ - - - - . . - . - « 
+0.14 +p. 012 
(0.18<aft4l.6) (0.3<n<l.96) 
log Kj^  8.90+0.025 12.10 l0.8?+.0.05 14.74 
|tf • 0.05M log Kg 7.33+0.025 9.96 10,2CM).05 13.87 
log ^n 16,23^0.025 22.06 21.02jt0.05 28.61 
•O. 07 jhp. 122 
(0.1<1»a.5) (0.3<.B<1.9) 
<^ m tundaxd doviation 
O-tft IS 
^ •< » 1 





o o t^  




"^ l-f p p *l 















o a 0 
o 'o t^* * • • 











p p ;4 










p p .^  
^ S to 8 
to 
• • 
"A 2 8 
• k . ^ 
*"^  






p p P 
* > ^ * > 
























































Th« free Ilgand exponent (pL) values were calculated . 
at various B values and the setaU Ilgand foxiaatlon curvet were 
constructed by plotting li against pL (Fig. 17«>20)^  The piog Kj^  
values were obtained at ^ • 0« 05M. ju « 0. IQM and /U • 0.19M 
using the BJerrum*s integral method and extended to a<|tfeous 
ethanol mediuou From the pointwise calculation method using 
the following e<;piation» the log K. values were also calculated* 
log K| " pL 4" l o g 'rjur 
The value of standard deviation ioc } and the systematic error 
have also been calculated/^' The change in free energy A G® 
for the complexation reaction between metal ions and the ligand 
has been calculated and recorded in the(Table*28). The order 
of the stabil ity of these complexes i s found to be as given 
belom 
Pe^ *> VC?*> c r ^ Mn^ * 
• » » » 
cmPTER (V) 
COKPLFXgS OP THIAZOLgS 
122 
tntrOTtf^ etiftn - Thi«tol« 18 • f iv« iitmb«r«<l h«t«rocyclle 
Xing •ysttn aixl i t fonnally dtriv«d from imldazol* by th« 
yepl«c«ni«nt of tht NH gzotip by sulphur atom «t position 1, 
Mhlch makes thiszols s bstter n acceptor duo to tha 
availability of empty d^orbitals on sulphur atom. 
HC H HC M 
II II II II 
HC CH fC CH 
N S 
(iBiidasole) (Thlaxole) 
2»Aminothiaxola is a derivative of thiazole in which the 
hydrogen atom attached to the carbon atom on position 2 is 
substituted by amino group* 
It was considered that this compound might have some 
tuberculostatic effect and was testsd for this activity but 
i t was found that i t has l i t t l e or no effect on the growth 
174 
of the baeteriumr It has also been used as a nicotine 
antagonistf'^* 
2<»Amino«6.ethoxy-bensothiaxole is a derivative of benxo» 
thlazole in which the hydrogen atoms attached to the carbon 
atoms at position 2 and 6, are substituted by amino and ethoxy 
group respectively. 
123 
B«ntethi*sol« d«rlvatlv«s h«v« beon Investigated for 
antiviral activity against various influanta A2 strains in 
niea and it has been noted that 2«aadno beniothiasole had 
a better effect compared to beniothiarole derivatives. 
However* significant antiviral effect could not be demonstrated 
176 
for any compound in vitroT 
2oAcetaoido*5-'nitrothiaxole(A) is a derivative of 
thlazole in vthlch the hydrogen atoms attached to the carbon 
atom at position 2 and 5 are replaced by acetamido and nitro 
group respectively* 
H C "••""•'•" M 
B 
(A) 
2»Acetanido*S»nitrothiasole exists in the form of a 
light yellow powder. It was synthesised by Ganapathi and 
Venkataraman^ by the nitration of 2«>acetamido»thiazole by 
fuming nitric acid in the presence of concentrated sulphuric 
acid below lO^C. The nitration product was heated on steam 
bath for 15 minutes end then poured into czushed ice* The 
precipitate was washed and recrystallited from ethanol. It gave 
deep orange colour with alkali. 
124 
2«Ac«t«mldo»3»nitrothiaxol« (Acinltrazol) is a mtdieinil 
eonpound* Xti fungicidal action was studied in 10;^  bsef sama 
178 
containing solid assh agar culture nadlunr In addltton to 
acting as funglddas it also shovirs antiparasitic activity 
against trichomonas vaglnalls.^^ Thara is no report In the 
literature on any conplaxing behaviour of 2»acatamlno«5«nltro» 
thiazole with aetal ions. It was therefore, considered of 
'interest to Investigate the interaction of this llgand with 
f3w inner transition metal ions pH»awtrically using t ^ 
technique of Irving and Rossottl^ in 30^ (v/v) aqusous ethanol 
BiedlUBu 
Materials and Methodst- Uranyl nitrate (BDH) and thorium 
nitrate (May and Baker) reagent grade were dissolved in 
perchloric acid (Hledel) solution of desired m>rtBallty. The 
llgand solution was prepared by dissolving requisite amount 
of 2»acetamldo»5»nitrothlazole (Koch-Light A.R.grade) in 
alcohol. The sodium hydroxide (SDH) and perchloric acid 
solutions were prepared In COL fx»% double distilled water* 
The NaOH solution was standardlxed by titrating potentio-
metrically against a standard solution of potatalu»-hydrogen 
125 
phth«l»tt.^^ SodiuM p«rchlorat« (Ri*<l«I) «)•• dlstolvtd In 
doubl* distilled wat«r to obtain X.OM solution ussd in 
maintaining tha dasijptd total ionic strangth of tha solution. 
Apparatus! Fox plVdatazinination, an £LICCULI-10 pH oaatar 
with 1 0» 05 accuracy was anployad in conbination with glass* 
ealonel elactrodas. Tha calibration of pH»sietar electroda 
systaa «ias dona with tha halp of standard buffara (pH«4.0 and 
9»12). An inart atnosphara was maintained by bubbling oxygon 
and COL free nitrogen gas through these solutions. All the 
solution were thensostatted at 25^C jt ^ * l« 
Titration Droce«tore»« Following nixtures were preparadt* 
(A) 5 ml of HCIO^(0.1014M)| (B) 5 ml of HClO^CO. 1014M)* 25 ml 
of reagent {0.005M)| (C) 5 ml of HCiq|(0. l0l4M) containing 
metal ion (0.005M) • 25 ml of the reagent (0,005M). Total 
volume in all the above cases was kept constant at 50 ml. Tha 
desired ionic strength was also kept constant by adding 
appropriate <|uantity of (1.0M) NaClO^ solutions 
RffV^^» »r4 pif^aaiffn 
2-Acetamido->5»nitrothiasole(A) has only one dissociable 
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FIG. 22 PROTON LIGAND FORMATION CURVES OF 
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by th« following •quatiom 
The acid»li9«nd cujrve ll«8 slightly tbovft th» pu7« acid cuxvt 
at ^  « 0.iOM in the acidle range, most probably due to the 
pxotonation of the ring nitrogen at position 3, because a lone 
pair of electron is available at this position* The curve 
deviates from the pure acid curve near B«»7.0 (Fig»2l}. This 
acid-ligand curve deviates above B»3.9 and 4.0 at the ionic 
strengths 0. im and 0,09M respectively. 
The colour of the solution changed from red to yellow 
as soon as the alkali iwas added* This yellow colour became 
deeper above B»7.0* The highest n^ value has been found to be 
1*0 (Table 029}• These n^ values have been calculated by the 
usual method and plotted against pH to get the proton ligand 
formation curve (Fig.22). Fxom this formation curve log K^ 
can be obtained by Bjerxutt*s half integral method at n^ • 0.&* 
The accurate value of log K^ has also been calculated by 
pointwise calculation method using the following equation and 
recorded in Tables30* 
log K^ » pH • log — ^ 
The standard deviation as well as systematic error has also 
been calculated* 
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T«bl« • 30. Pzotorv>lig«nd s t a b i l i t y constantt ef 2««c«t«iiido»5<-nitro» 
thiazol t at 25^C. 
, ^ tonic stjpeiigth 
iU » 0,19M ;a • 0.1(^ ju » 0.09M 
Half Intagrai atthod 7 . 3 9 i 0 . 0 2 3.15jt0*0d 7«99tO,02& 
Polfitwlaa calculation 7 .37+0 ,02 8» 111 0.05 7.9lc».0.02S 
swthod 
iiiiiiiiiiii mil II I II n • !• iiiiiiiiiii » I mill II iii«i III •Huii miiin i « mini »» in 11 i n »iimiiiii i im • pjnnm 
Avaraga log K^ 7. 364 0,02 8.13i 0.05 7. 93± 0.029 
Standard deviation ip. 0329 l0,0292 +0.0189 
C5-" (0.i5(7»^C0.9) C0.3<:n^ <.0.9) {0.3<li^<0.9) 
Table • 31. Uo|'^ Complex of 2»«cetdaido«5«>nitrothiazole at 29^C and 















Tabl« • 32* Th^^ Conpl«x«t of 2««c«t««i<lo*5<-nltrothlazol« 
























RG. 23 METAL-LIGAND CURVES AT AJ=0.fOM 
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T«bl« • 33. M«taUUg«nd stabil i ty conttantt of 2«>«c«t«aiido»5--





































Tht lnt«r»ction betwt«n U0§* and Th^ **" iont and 2-«c«t««ldo-. 
d-nitrothl«xol« was obviously start by tha davlation of tha natal 
ligand titration curva from tha xaagsnt cuarva along tha voluma 
axis abova B«3«0 (Fig. 21). 
Tha % valuas hava baen calculatad upto B"6.5« as abova 
this pH UC§* and Th** ions gat hydrolysed. Tha highest n valua 
was found to ba 4.42 for both UQ|* and Th** ions at ju « 0.10« 
(Tabla.31 and 32}, whila at ju « 0.05M and 0.15M, tha highast 
% valuas wars obsarvad to ba graatar than savan upto B«6.S. 
This is prasumably dua to tha foznation of polymario spaciaa 
at p » 0.09M and 0.15M. 
Tha n valuas wars plottad against pL valuas to gat tha 
fflatal»ligand formation curva (Fig. 23). Tlnia log K|^ » log K^, 
log K^  and log K^  wara diraetly raad at n «0.&, i.9« 2.5 and 3.5 
from tha aataUligand formation curvas raapactivaly and axtandad 
to aciuaoua athanol systam aa dona aarliar.^ **^ 
Tha atandard davlation as wall as tha aystanatic arrar 
has baan calculatad. Tha changa In f raa anargy - A(3p haa alao 
baan calculatad and racordad in Tabla -33. Tha thoriuai cosiplax 
waa found to ba of highar atabillty than tha uranyl ceaiplax 
(Th**>ud2j ). 
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T«blt •SS, 2«»A«ino»6»«thoKyb«nzothl««ol« eoinplexts «t 25**C 

























































































SinlUr oxp«riMnt» h«v« alto b«tii carried out by 
•nHfiloyiRQ vftriout IIC (^XI} and ThilV) ion cone antra tions with 
tha 2«aninothiaxola and 2-aiiino»6»athexybantothiasola. Tha 
valua of tha nataUligand foxnation minbar {%) (TabIa»34»3S) 
been 
hava/found to ba vary high. It ia tharafora auggaatad that 
polymaritation nuat ba taking plaea. Tha atap»wiaa atability 
conatanta eould not ba avaluatad dua to tha occurranca of 
polyaaritation. 
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